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PROCEEDINGS
1:31 p.m.

CHAIRMAN MACFARLANE: Good afternoon. I'd like
to welcome you all here for this afternoon’s session, our briefing on
flooding and other weather events.

Over the past few years, the nuclear industry has
experienced multiple flooding and extreme weather events and not
justin the U.S., I'm talking globally, the nuclear industry, which has
caused the NRC to take a harder look at our oversight of natural
phenomenon.

For instance, on March 11™ in 2011 the Fukushima
Daiichi Nuclear Power Plant in Japan was inundated by a tsunami
after a very large earthquake occurred nearby and the height of the
tsunami exceeded the sea walls by about 27 feet. It caused extensive
damage to the facility, most of which was the loss, complete loss of
electrical power to five of six reactors and the subsequent meltdown of
three of those reactors.

In the summer -- it was an eventful year. In the
summer of 2011, the Missouri River reached record flood levels and
flooded the site of the Fort Calhoun Nuclear Power Plant for many
months. And then in October 2012, Super Storm Sandy, one of the

largest recorded hurricanes tracked up the eastern seaboard and
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created meteorological conditions that in the end were not too much of
a challenge to the nuclear power plants, but in particular in New
Jersey did cause some levels of flooding.

The NRC has been paying attention to this, industry
has been paying attention to this. In fact, right now nuclear power
plants throughout the country are working to reevaluate their flood
hazard analyses as mandated by us at the NRC using the most up to
date methodologies available.

Some of those licensees have already completed
those evaluations, some are still in the process of doing those
evaluations. For those that have completed their evaluations and
where it was determined that the flood hazards were not bounded by
their current design basis, they have instituted interim actions, and we
have inspected those interim actions to make sure that they are
adequate.

So, today the Commission is going to be briefed by
two panels, an external panel and an internal panel, our own staff. Let
me remind all of you as I did this morning at our sessions this morning
that | would like you to keep your talks to 10 minutes. Is that the time?
Thank you. And please refrain to the best of your ability from using
acronyms because not only are the people in the room interested in
what you’re saying, but this is being webcast, as well, | hope, and
people outside are interested, as well. So, | look forward to the

presentations.



Before we begin, let me ask if any of my fellow
Commissioners have any comments to start off with. No?

All right, then I'm going to turn to the external panel,
and first we’re going to hear from Mr. Robert DeNight from the Salem
Nuclear Generating Station.

MR. DeNIGHT: Thank you. Good afternoon. My name
is Robert DeNight. | am from the Salem Nuclear Generating Station,
and | am the Operations Director there.

I'd like to thank everyone for the opportunity to
present the practical view of some of the severe weather preparations
on the days leading up to and including the east coast most recent
severe storm, Super Storm Sandy.

Salem Generating Station is located in Southern New
Jersey on the Delaware River. Our site also includes the Hope Creek
Generating Station.

The forecast that we had for Sandy called for light
rainfall and wind gusts up to 65 miles per hour with a storm surge of
three to six foot. The storm surge was projected to occur at high tide
concurrent with a full moon. Up to the slide with the forecasted versus
actual.

Going on to actual, we saw local wind gusts of
between 60 to 70 miles per hour. North of the station the gusts did
reach 90 miles per hour with a storm surge of approximately 11 to 13

feet. Next slide.
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So, status of the units prior to the arrival of Sandy was
Hope Creek and Salem Unit 1 were both operating at 100 percent
reactor power. Salem Unit 2 was defueled with the core fully
offloaded. Our additional equipment that we had out of service on
Salem Unit 2 two days prior to the storm’s arrival, where we were in a
single source of offsite power alignment with a single service water
header available, and one emergency diesel generator and battery
train were out of service. Next slide.

| did provide a diagram presented on this slide just
showing our normal tide levels. Our normal tide level is approximately
89-foot elevation. Our site grade is at 100-foot elevation, and our
design-basis flood level is at 120-foot elevation. The intakes for both
the service water and emergency diesel generators are much higher
at 127-foot and 126-foot elevation respectively. Next slide.

Our shutdown criteria are if river levels are greater
than 98.5 feet elevation, or if hurricane force winds are imminent.
Neither of these criteria were reached during Super Storm Sandy. On
to the next slide.

Our emergency action levels are at 99.5 feet, or an
average wind speed of approximately 95 or greater than 95 miles per
hour. And any time that we have those action levels then an unusual
event would be declared. These conditions also cause visible damage
to any of our safety-related structures, then an alert would be

declared. Next slide.
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Our preparations for a storm like Sandy are laid out in
a severe weather operating procedure. I've included some of the
major actions that we take, but there are specific checklists for each
department. They're typically three pages long, and implemented in a
phased approach. During Phase I, or approximately three days prior to
a storm arrival Operations inspects all of our station blackout
equipment. We verify our remote shutdown panel, communications,
and any of the blockhouse sump pumps. Next slide.

For Maintenance, they insure that the spare
equipment is available and protected for any station recovery efforts.
We inspect outside areas for potential missiles. We pre-stage sump
pumps and sandbags, and insure supplies such as flashlights and
potable water are available for the staff to use. Next slide.

In Phase Il or two days prior to a storm arrival we
again conduct walkdowns, verify our water-tight doors, we insure our
emergency diesel generator availability, and we return any major plant
equipment to available status. We also insure that our water intakes
are prepared and we address any potential staffing requirements.
Next slide.

Staffing is such that only essential personnel are
required to report. We do staff full, or two full emergency response
organization teams, and two operating shifts on site such that the
Operation Support Center, the Technical Support Center, and the

Emergency Operations facility have a full complement of emergency



responders. Next slide.

In Phase Il or just prior to the storm arrival, we close
watertight doors, relocate personnel, implement preplanned
sandbagging, relocate vehicles to shelter, establish our fire protection
command post. And then one additional action that we did for Sandy
is verify the repairs were completed to all penetration deficiencies
identified during our Fukushima walkdowns. Next slide.

The impact associated with Sandy is that Hope Creek
remained at 100 percent capacity throughout the storm with its output
actually greater than the demand on the PJM and New Jersey grid
following the storm’s passage. Salem Unit 1 was manually removed
from service at 1:09 a.m. due to debris loading into our circ water
intake structure. That’s our non-safety related cooling supply to the
condensers.

We had no consequential impact seen at our safety-
related service water intake structure. In addition, however, we did
lose a non-safety related switching station due to water intrusion that
caused loss of power to several of our buildings on site and lost the
intranet non-emergency site phones, and the meteorological tower
data into the Salem control rooms.

Our safety-related equipment and features were not
challenged, and our flood levels remained well within our design limits.
Next slide.

We did suspend all Salem Unit 2 refueling outage
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activities for two days prior to the storm’s arrival. We returned all
equipment except our redundant service water header to service. We
flooded up the reactor cavity to the refueling level for defense-in-
depth, and all contractors supporting that outage left site. Next slide.

Our Lessons Learned are specifically commercial-
related and non-safety related, and that dealt with the switching
stations are susceptible to water intrusion. We also lacked an outage
contingency plan for loss of building capabilities. There was also a
lack of a formal plan associated with our sleeping arrangements for
essential personnel on site. You could imagine with two different shifts
on site, this is a power plant, not a Holiday Inn Express, and there was
a lack of good sleeping arrangement for some individuals.

We also need to pre-stage extra fill for any access
road or shoring repairs, and all issues were entered into our
Corrective Action system for resolution. Next slide.

Our abnormal procedure guidance we found was not
adequate to predict the impact of the debris on the circ water intake
structure. Our decision-making on the unit power did not account for
the wave action effects into the circ water traveling screens, and there
was no single designated information source listed in our procedures
for decision-making to track the storm and its wind speed.

In other words, the decision-making that we had on
the prediction and projection of the storm for three hours prior to the

arrival, we were using reference materials such as the Weather
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Channel and other government weather stations. Next slide.

During Sandy, our shutdown criteria was 98.5 feet.
Our maximum tide level seen on the site was 97.2 feet. We also went
back and calculated the effects that the Sandy storm surge would
have done if it hit Salem directly. As you all know, north of Salem saw
the highest impact. And what we went back and calculated is the
maximum tide would have been approximately 100.1 foot, or
essentially ground level for us.

Our shutdown criteria for the wind speed was if
hurricane force winds were imminent, and the maximum wind speed
that we saw was approximately 59 miles per hour. It did shift,
however, 180 degrees over four hours which caused the challenge out
in the circ water intake. Last slide.

Our new criteria assumes a combination of grassing,
tide, wind speed, and wind direction as a composite indicator in lieu of
one parameter to manage the risk on the intake structure. In addition,
we added criteria to shut down to Mode 3 if a hurricane was predicted
to pass within 50 miles of site.

That concludes all the prepared remarks that | have
on the slides.

CHAIRMAN MACFARLANE: Excellent. Thank you
very much. We’ll move on to the next speaker. We have Mr. Stuart
Lewis who’s the Program Manager in Risk and Safety Management at

the Electric Power Research Institute.
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MR. LEWIS: Thank you, Chairman. My remarks
today really represent a summary of where we are with our research
program related to external hazards.

This is an area that EPRI had intended to engage in
for quite some time, but other resource needs to address fire risk,
seismic risk, and a number of other areas continued to seem to take
priority over external hazards. And it was only in January of 2011 that
we were able to make the assessment of external hazards other than
the seismic events a really high-priority item. And, in fact, we made it a
strategic initiative within our program, and found a little bit of funding
to get started.

Of course, as the Chairman pointed out, that was kind
of just before there were a number of events that made research and
analysis of external hazards much more relevant than they might have
been considered to be before that. So, while we attempted to be
somewhat proactive, it turns out we weren'’t very far ahead of the
curve with this work.

So, I'll summarize where we are. Much of this work is
in progress right now, so | don’t have a lot of details to report, but | will
describe some of the programs we have underway. But if we turn to
Slide 2, the -- we do have one product that we completed in 2011.

The first thing we did with the budget we had
available was to develop a more comprehensive, more systematic

approach to identifying which external hazards needed to be
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evaluated in a site or plant-specific PRA, Probabilistic Risk
Assessment.

We performed that work because if you look back to
the last time there was really kind of a comprehensive risk
assessment for external events in the mid-1990s, the individual plant
examination of external events, a set of screening criteria were used
at that time that really were not as effective as they could have been,
and we thought it was important to try to provide more substance to
that approach. So, we developed a process that includes both
gualitative and quantitative screening criteria in an attempt to focus
resources on those events that are most likely to be important for our
particular plant. So, that’s a report that’s been out in use by our
members for about two years now. We, over the weekend made it a
public report, something that will be available more broadly than just to
EPRI members. But we have had quite a bit of feedback from those
utility members who had it available over the last two years. If we can
turn to Slide 3.

This little map at the top shows essentially where we
have members around the world who are using this report to one
extent or another. It has been used by every utility in the United States
to some extent. All the utilities have the report, and we’ve gotten a lot
of feedback within the United States, but also from several other
countries that have had experiences with it. And we’re continuing to

collect feedback from those countries so that we can improve the
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process going forward.

We have gotten some initial insights into the value of
the process that we developed. They include the fact that as with
almost any process, more detail on how you actually implement the
approach is useful and would be valuable going forward. And, in
particular, some of our members primarily from outside the United
States have expressed a lot of interest in how we might provide
guidance on addressing correlated hazards, or combined hazards.

There’s been a lot of work done in this area in the
United States and elsewhere. And, for example, we work closely with
EDF, the utility in France. They’'ve done a lot of statistical analysis of
multiple hazards occurring at the same time. We've looked more from
the standpoint of where there are reasons for hazards to be
correlated, where you have high temperature and high winds, for
example, where that might be the case. So, we’re trying to integrate
that knowledge and provide additional detail to make the screening
process more effective going forward. If we can move on to the next
slide.

The next big area we undertook was to look at the
methods available for analyzing the risk of external flooding.
Obviously, this is one of extreme interest around the world. We aren’t
spending so much time trying to develop brand new methods, but
rather to assess the existing methods and to determine which are the

most effective and most useful for our members. And where we see
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the need to expand or structure the methods that exist now, we’ll do
that, but we have been tying into the research within the NRC and
other U.S. agencies and from around the world to try to inform that
process. We think there’s a lot of really good information out there.
There are some methods that are used beyond their reasonable
bounds, | think, and we’re trying to provide guidance to make sure that
when an analysis is done, it's done in a reasonable way. We’'re really
trying to integrate, again, the understanding that we can get from the
various sources on external flooding.

We have been through a series of tabletop
applications of some of the methods. We've worked with a couple of
utilities late last year to try to see which methods were most effective
on a river site, and we’re continuing that process.

| should mention we also went through an exercise,
going back to the report on screening, we went through an exercise
just in December with a U.S. utility that had used our approach at
several different sites that are geographically varied. In other words,
there are ocean sites, there are lake sites, there are river sites to try to
understand where, again, we might be able to improve our methods or
see where they were most effective. So, we do a lot of work
collaboratively with our members to try to make our research most
relevant and most useful to the members.

I’'m not going to go over the next slide in any real

detail partly for time, and also because I'm not directly involved in
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these analyses, so I’'m not in a position to speak very much to the
specific approaches. | think you may hear a little bit more about some
of these, or some analogous approaches to analyzing flooding from
some of the gentlemen to my left, but we are looking at a broad range
of methods from both the U.S., and from outside the U.S. to try to
capture the hazard most effectively. Moving on to the next slide.

The next hazard that we’'ve begun to do some work in
relates to high winds. EPRI was heavily involved in doing research
into high winds back in the 1970s and ‘80s. In fact, in the 1980s EPRI
produced a computer tool called TORMIS that was used for analyzing
the risk of tornado missile strikes. And although that piece of software
hasn’t been maintained over the years, it has been used by a number
of different plants to analyze the risk of damage to the plant if
tornadoes are generated -- if missiles are generated by a tornado.

There have been a number of studies conducted in
the last few years on high winds, but not so much in the United States.
That's something that, again, | think external flooding has taken
precedence, but we are seeing more and more work done in this area,
as well. It is an important part of our roadmap to provide a strategic
focus on external hazards.

With regard to our high winds research we’re
continuing to look at the work that has been done in the nuclear and
other industries trying to pull together the most effective pieces of the

technology that we can. We have not at this point concluded whether
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we should update our old TORMIS code and make it a useful current
tool for utilities to use. We would prefer to see if there are barometric
approaches that could provide the same benefit maybe in a somewhat
simpler format, more user-friendly approach, so we’re still open to
considering upgrading our software, but we haven'’t concluded that’s
going to be necessary yet.

We are looking at a graded approach to analyzing the
fragility of structures and systems to high winds; that is, what's the
conditional likelihood of damage that might be caused by different
levels of wind loading. And, ultimately, we’ll make some decisions this
year about exactly where we’re going with our high winds
developments.

Just to capture what | think applies to all of these
areas, the screening, external flooding, high winds, really other
hazards that we have on the table to investigate down the road. There
really is a high degree of plant and site-specific nature to these
hazards. There isn’t a one-size-fits-all approach, I think, to analyzing
external hazards.

We think that the notion of a progressive screening
approach makes a lot of sense to focus resources rather than
attempting to perform detailed analyses on a broad range of hazards.
We are trying to understand what the state-of-the-art looks like for
each of the hazards that we’ve looked at to pull important insights

from the different approaches and compile them into an approach that
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makes sense overall. And ultimately, of course, our focus is on the
ability to generate reasonable and appropriate risk insights from the
tools that we apply. And that’s the conclusion of my remarks.

CHAIRMAN MACFARLANE: Okay, thank you very
much. Next we’re going to hear from Dr. Chandra Pathak, who's a
Senior Hydraulic Engineer in the Engineering and Construction
Branch at the U.S. Army Corps of Engineers.

MR. PATHAK: Thank you. Good afternoon. Thank
you for the invite.

So, we're going to talk about if you go to the first slide
and then subsequently, we’re going to basically talk about the
coordinated studies and the databases specifically about the extreme
storm events. So, we’re going to talk a little bit about Corps of
Engineers background, interagency collaboration on flood and
extreme storm-related activities, cataloging of those storm events,
research and development on flood flows and rainfall frequency
analysis and with the summary. Next slide, please.

So, in the mission area you will see on the right, this
civil work, so that is one of our major area of work. And below that is
research and development. We call it ERDC, Engineering Research
and Development Center, and we do some work in that area. We have
a coastal and hydraulics lab. Next slide, please.

So, in the country we have about eight divisions. They

are colored represented here, and about 41 districts, and each of the
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districts where all the work is being done. And out of those 41 districts,
we have 38 districts where we have some work goes on. Next slide,
please.

In terms of infrastructure, we have 708 that we have
just got reclassified. We have 708 dams, and we have about 2,500
levy systems that combines to about 15,000 miles of levees. The next
slide, please.

So, we are doing some interagency collaboration
specifically with National Weather Service NOAA and U.S. Geological
Survey, USGS. Next slide. In here specifically, National Weather
Service gives us two bullets there. They provide forecasting data,
short term and long term forecasting, and in the second bullet they talk
about -- we talk about doing some river flood forecasting which is a
collaborated work effort. And the third bullet, which is the rainfall data
analysis which our publications come out of there where we use this
data to do the design of the infrastructure. Next slide, please.

And in terms of USGS, we have a gauging program
where the measurements of the flow through the systems are -- in the
river systems is being measured. And there are close to about 8,000
locations out of which Army Corps of Engineers gives them about $19
million a year to manage and maintain. The next slide, please.

Specifically, the events, and during the storm events
we have rapid deployment gauges, and those are the ones are done

onset of the event. For example, for Sandy we had collaborated with
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them to have specific locations where we need to put those RDGs,
and do the measurements for that specific location. In addition to that
we were what we call flow rating curves. These are normally done,
flow to the structures specifically, its flow ways and such. Next slide,
please.

And then we have a collaboration which is formally
what is called IWRSS, stand for Integrated Water Resources Science
and Services among these three agencies. Next slide, please.

This is a Memorandum of Understanding put together
on May 11" 2011 under which we are doing some work currently.
Next slide, please. Under that, we are doing two charters. The first
one is national flood inundation mapping which is currently ongoing.
And the second one is system interoperability and data
synchronization. Next slide.

In the national flood inundation mapping, we are
putting together the framework where all the maps of the flood
inundation would have similar feel and formats of such where we’re
going to be working -- we are working with them putting together the
technical requirements. Next slide, please.

In terms of system interoperability and data
synchronization where we have data exchanges on 24/7 basis, 24
hour and 7 days a week basis, we are putting together so there’s a
seamless data transfer taking place. And under that, we are putting

together the systems requirements. Next slide, please.
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So, continuing in terms of extreme storm, we had part
of the Subcommittee on Hydrology which is being managed under
ACWI. This stands for Advisory Committee on Water Information
System under USGS. We had formed a group, and that is called
Extreme Storm Group under which Army Corps of Engineers
established an Extreme Storm Team, and that has 12 members, and
we are collaborating closely with US Bureau of Reclamation. Next
slide, please.

In terms of the data needs, we are looking for extreme
storm events historical, and regional and site-specific analysis with
respect to probable maximum precipitation known as PMPs, and also
we are looking to see in future to do some hydro meteorological
reports updates which has these PMP for that country available. Next
slide, please.

So here in terms of projects, we are collecting the
data. This is tied in the historical storms isohyetal maps converting the
data imagery to the rainfall and developing a database, combining the
database with U.S. Bureau of Reclamation, doing some more work in
terms of other specific basins, river basins, channel basin, as well as
Wyoming’s wide PMP studies. That’s our efforts ongoing. Next slide,
please.

So, in terms of research and development under our
research group in Vicksburg which | mentioned earlier, we are doing,

and we started in 2013 a project which is for a duration of five years.
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Specifically, the object is to develop some tools which districts could
use in terms of using the extreme precipitation and flow frequency
methods. And here we are looking to develop some software for
precipitation extreme events and the flow generated from these
extreme events. Next slide, please.

So, in summary, we are looking -- we have
interagency collaboration on flood and extreme storm-related activities
with NOAA, USGS. We are cataloging the historical storm events of
national significance, and doing research and development on flood
flow, rainfall frequency analysis specifically generated from extreme
storm events. That closes my prepared remarks. Thank you.

CHAIRMAN MACFARLANE: Thank you very much.
Now we’re going to move on to Mr. Geoff Bonnin from the National
Weather Service. He’s the Chief of the Hydrological Science and
Modeling Branch.

MR. BONNIN: Thank you. Thank you for the
opportunity to speak today.

I’m going to talk a little bit about semantics, primarily,
today. And you’ll notice on the title that | talk about rare precipitation
and I'm trying not to use the word “extreme” or anything like that any
more, and I'll explain why. And this is a fairly new thing, and Chandra
and | haven’t had the opportunity to talk about that yet.

But there’s a couple of topics | want to cover. The first

one has to do with two different approaches to hydrologic design and
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where we get to some of the things that Chandra mentioned. A
concern that the National Research Council has, the semantic
problem itself, and then that gets us to trends in the historical record
with respect to exceedances. And that’ll be from an engineering point
of view.

So, there’s really two approaches to hydrologic
design. The first one says that it's generally too costly to avoid any
sort of failure, so let’'s accept a probabilistic approach, and let’s accept
a certain amount of flooding. So, you might think of a storm water
drain on the street, we’re prepared to let that flood every now and
again. And that comes from flood frequency estimates and
precipitation frequency estimates for specific durations that are
associated with that particular design, so there’s a variety of different
durations that we deal with.

The second approach is one that says we cannot
have a failure. We just cannot. We have to avoid it at almost all costs.
And that’s the approach that we use for designing, “we” | mean all of
us, designing very large dams in the U.S. We try and anticipate what
the worst case flood might be, which is often driven by the worst case
rainfall which is the probable maximum precipitation or PMP. And
that’s worst case just for a generic reference. I'll say that that’s the
perfect storm, and maybe Sandy was a perfect storm, as well.

So, the National Research Council took a look at what

has been happening with respect to climate change in the community.
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They did this back in 2010 and ‘11 and issued a report. And | want to
quote two items that are in that report, because | think that they’re
important.

The first one is that, “Management and mission-
oriented agencies with public sector responsibilities have been
provided with marginally useful scientific information about the likely
manifestations of future climate change.” That’s a little bit of a
concerning type of statement. This Board is the Water Science and
Technology Board. It's generally representing the civil engineering
community rather than the climate community.

The second quote is that, “There are insufficient
interactions and knowledge exchange between climate scientists,
water scientists, and engineers and practitioners to solve these
challenges.” So, we're not talking to each other enough, and that
creates a problem.

So, I’'m going to address where | think this problem
really lies, and | think it lies in a question of semantics. And let me
take a couple of quotes from a variety of different documents. First
one is from the IPCC, Intergovernment Panel on Climate Change,
their 2007 Synthesis Report.

“It's likely that the frequency of heavy precipitation
events has increased over most areas,” most area of the world they're
referring to, and I've underlined and am focusing on the term “heavy”

here. Second quote is from one of the papers, Pavel Groisman, who's
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a colleague of mine in NOAA. Pavel found “significant increases in the
frequency of heavy and very heavy precipitation events,” so there’s a
variety of that sort of terminology in the literature, primarily the climate
literature that uses terms such as heavy, very heavy, and extreme.
And most of that literature, particularly the literature that’s being used
by folk like the IPCC and the U.S. Climate Assessments are using
definitions that are the same and were developed by folk in NOAA as
part of the climate research activities.

Sometimes, however, there will be papers that have
different definitions of those terms. There’s an example | want to quote
again from Pavel Groisman. | keep thinking Pasha because that’s how
we talk to each other. We define daily precipitation -- define a daily
precipitation event as heavy when it falls into the upper 10 percent
and/or 5 percent of all precip events as very heavy when it falls into
the upper 1 percent and .3 percent. These actual numbers are
important. And extreme when it falls into the upper .1 percent of all
precip events. Return period for such events varies, for example, from
three to five years for very heavy precipitation events. And most of
those studies are generally only concerned with a single duration and
that’s a daily duration. They’re not concerned with a six-hour, a one-
hour, or a three-day duration.

But civil engineers aren’t using those types of terms.
That terminology that the climate community has assigned definitions

to in my belief is that in the civil engineering community and likely the
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general public at large those are very subjective terms. And if | were to
go to the person in the street and say what do you mean by -- what is
heavy rainfall? And then ask them what very heavy rainfall is, then ask
them what extreme, they’d probably start getting a little bit annoyed
because I'm using tricky terms that are contrasting with each other.

Now, in the civil engineering community, and again
Chandra referred to this, we use annual exceedance probabilities, or
often average recurrence intervals, just a similar sort of reference to
the same information. And those come out of existing documents, for
example, NOAA Atlas 14 which isn’t completed for the entire U.S. at
the moment. That provides information on these intensities in terms of
their probabilities and durations from five minutes up through 60 days,
and up to 1,000-year return period. So, they are very objective
statements of what we mean when referring to rare rainfall.

Now, as a result of a number of issues we looked at
trends in the exceedances of those thresholds, and the climate
community has done a similar looking at these trends. And when we
looked at those, I'm going to go very fast through these, we found
very, very small trends, and in most cases statistically insignificant
trends in the historical data which goes back for about a century.

We found in some cases that the trends were
positive, in some cases they were negative, and in many cases the
trends for one duration was different from another duration. So, I'm

going to focus a little bit on this chart here which shows each point on
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that is a combination of duration and the probability of exceedance.
And then the average change is on the Y axis, and the exceedance
value or the return period is on the X axis. And what this shows, and
this is for a large part of the country, the semi-arid southwest, is that
rare rainfall up around 25, 50, 100 year return period, those trends
tend towards zero, but as you look at the more common rainfalls as
you’re moving to the left on this chart that can range all over the place
with high values in the trends both positive and negative. And the
three to five years that Groisman referred to from a climate community
point of view is this yellow bar here. And if you look at his results, you
see that they're relatively consistent with this curve, but that yellow bar
doesn’t cover the full range which is the X axis here of what the civil
engineering community really needs.

So, we’'re really referring to two different definitions of
rare rainfall here, and that’s causing a problem because most of the
literature and what we see in the press says ah hah, very heavy or
extreme rainfall, and it's changing a lot but from an engineering
perspective and historical record it doesn’t seem to be changing a lot.

So, I’'m going to skip now to my conclusions. And they
are that, first of all, the climate community statements on trends in
rainfall exceedances don’t address the frequencies and the durations
required for civil infrastructure. That'’s, | think, a big problem. But |
don’t think the climate community is really to blame here. | think the

blame is shared with my community, the civil engineering community,
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because my community is misinterpreting the statements that the
climate community are making, and misinterpreting what they're
saying in their conclusions. And if we did a better job of that, we'd
have a better understanding.

Third point there is that the historical trends and
exceedances in rare rainfall are actually quite small compared with the
uncertainty in those probabilistic thresholds themselves, very small
with respect, so much so that one could potentially argue that we
ought to just ignore it and worry about the error in the design
standards themselves.

And, finally, that we need better guidance on the
potential impact of climate change on these curves in the ranges, in
the full range that is relevant to civil infrastructure. That’s it. Thank you
very much.

CHAIRMAN MACFARLANE: Okay, thank you.
Moving on Mr. Lance Vail, who's a Senior Research Engineer at the
Pacific Northwest National Lab.

MR. VAIL: Thank you. My talk is going to be, again,
on flooding, and it'’s going to be focused on what | would consider the
extreme flood side as opposed to the sort of extreme precipitation.
And | haven’t been able to sort of revise my vocabulary, but |
appreciate why you made those changes, because clearly this
communication between climatologists and hydrologist, civil

engineering community and stuff has been -- certainly has been weak.
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The joke used to be when | was in graduate school hydro climatology
is climatology done bad by hydrologists, and hydrology done bad by
climatologists. And they were in different buildings and had a different
perspective on science entirely. But I'm actually today going to be sort
of talking about my background, my career, and actually looking back
over 30 years and stuff when | sort of started doing some of the very
early climatology work with linking hydrology and climatology. And |
think what you’ll see is that there has just been this rapid acceleration
in my community and at our laboratory and stuff. We do a lot of that
work, but we’re still not to where we’re talking about extreme events in
the sense that an agency like the Corps or NRC would consider
extreme flood events and stuff.

So, to a certain extent, you know, the hydrology
community has been a back on its heels and stuff, while | think the
climate community and stuff has been sprinting ahead and stuff. And
it's part just because of what we were sort of focused on at the time
and stuff. But originally, you know, historically let’'s say when | was in
graduate school, which was a few years ago, you know, we knew the
climate wasn’t stationary. There was already an appreciation that
there was climate variability. We weren’t talking about climate change,
but we were talking about climate variability, and how climate
variability, some persistent patterns would buy our estimates in
extreme events. And we had statistics that we were using that were all

based on sort of standard type, you know, Bell Curve type mentality
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and stuff, and we knew that that didn’t do very well when you get out
onto the extreme end of the tails and stuff.

So, basically, that assumption of a stationary climate
and stuff doesn’t entirely pass the laugh test right now and stuff. And,
you know, we need to make some -- you know, | think as a community
and stuff, I'm not talking specifically about NRC, but | think as society
and stuff this is something we need to make investments in and stuff
just because of the overall risk to the public that’s involved. Could |
have the next slide? Okay, that’s quite a ways down. Yes, if you could
go back. Okay, Slide 2, sorry. Okay.

Like | said, I'm from Pacific Northwest National
Laboratory, a DOE lab. My research over my career has been focused
on water energy and access questions and stuff. | have done work in
the past for NRC but interesting enough, or ironically enough today I'm
just going to be talking about work I’'ve done for people or agencies
like Department of Energy and EPA, NOAA, NASA, and actually some
of the Corps over time. So, the next slide.

To bring this home, that’s -- the little gray structure
over on the left side of the -- the right side of the slide is actually my
house. And if you look over on the left side you actually see the
Yakima River. You can sort of see where the ice has sort of come up.
That’s my front lawn and stuff. That was where we got -- and that sort
of represents, you know, my catalog. That was about a five-year event

and stuff to sort of keep it in perspective. A 100-year event, the water
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will start coming at my front door, so that’'s about 16 feet above there
and stuff. From my perspective, and certainly my wife’s perspective,
that’s an extreme event, you know, just because of where | chose to
build my house and stuff. But if we talk about it in terms of a probable
maximum flood, my house would be devastated and stuff well beyond
that stuff. Keep it in context, bigger paleo floods the water depth would
have probably been about two or three hundred feet there and stuff,
so we sort of need to keep it in mind. But for the focus of the
discussion, | really want to focus on those probable maximum flood
levels and stuff. So, if we move to the next slide, and you can go on to
the next slide.

Just to sort of -- when | talk about tails, | am -- you
know, we sort of talk loosely in terms of the terminology, at least in my
world, about operating at a one sigma level, so you're sort of at the
end of the right side of the blue zone. You're sort of at a five-year
exceedance and stuff when these are annual precipitation, or annual
flood extremes. If you go to sort of the end of the red off there you're
probably about 50, and then you get out to about three sigma and
stuff, and we’re starting to get closer to what you nominally think is a
probable maximum flood, which | should say doesn’t have a
probability with it so it’s a probable maximum flood that probably
needs a better name and stuff. But that’s where we’re talking about.

So, when we think about it in terms of the research,

there’s a lot of activity in terms of client science like what Geoff was
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talking about that operates and makes some conclusions about really
what’s happening in the one sigma zone and stuff like that. So, if we
go to the next slide, this is a study | did in the early 1980s.

We looked at -- the American River Basin, it actually
turns out there’s an American River in -- that’s a tributary of the
Yakima River. It’s a sort of unique area. We did this assessment using
some of the -- it was one of the original linked hydrology-climate
models where we took results out of the climate model to help drive
our assessment and stuff, and when we were getting done with that
we realized that, you know, if we look at this seriously and stuff we’re
not even able to say anything past the one sigma level and stuff. So,
you know, our predictions really weren’t going to tell us anything and
stuff past about a five-year return cycle and stuff. It told us a lot of
interesting stuff about other stuff, but we were still in that sort of one
sigma area and stuff.

The next slide was a subsequent study in the 1990s
where we started to move with radically, dramatically improved climate
models already at that time and stuff compared to what we were
looking at just five years earlier and stuff. And we had to move to
doing some ensemble simulation looking at some of the uncertainty
directly in our assessment and stuff.

At that point I'd say that we were maybe able to get
past one sigma level, certainly less than -- definitely couldn’t say

anything at a sort of two sigma level, so in that sort of five, 50-year
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interval we could maybe get some information.

The next project was Accelerated Climate Prediction
Initiative. This was using regional downscale models, sort of state-of-
the-art high-end. This was in about 2000, and at that point we maybe
could have said -- inferred something possibly and stuff -- at best and
stuff out, you know, closer to two sigma but not all the way to two
sigma and stuff.

So, we've gone through all this, you know, these
processes and sort of evolution in the modeling and stuff, and we're
still not at a place where we’re going to get out past three sigma and
stuff. And it’s not going to happen, you know. | mean, there’s a lot of
other questions that we have that are fundamental to this, and one of
them is the difficulty in estimating extreme events to start with, and
also how you deal with non-stationary climate and stuff at the same
time. And we have to be dealing with those simultaneously.

I’m running out of time so I'll -- actually, if we move to
-- you can just go to the last slide. | stole two phrases here from
politicians since | was coming back to D.C. Nancy Pelosi had to
embrace something recently, and | said, you know, “Systematically we
need to sort of embrace the uncertainty in our analyses.” And some of
that’s already happening and stuff but like | said, | think we’re back on
our heels a little bit and stuff from the hydrology side.

And then | think we also need to trust and verify the

climate models and we need to understand much better and stuff what
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we're getting out of the climate models because there has been this
lack of communication. Sorry to overrun.

CHAIRMAN MACFARLANE: Okay, thank you. On to
David Lochbaum, the Director of the Nuclear Safety Project at the
Union of Concerned Scientists, well represented today.

MR. LOCHBAUM: Thank you, and good afternoon.
We appreciate this opportunity to share our views on this topic. Next
slide, please, Slide 2.

I'll focus today on three issues. The first issue
involves the need to integrate the flooding hazard with other known
safety hazards when making regulatory decisions. Next slide, please.

But before | turn to our concerns, | want to repeat our
appreciation for the great job the NRC did identifying and correcting
flood protection problems at Fort Calhoun before it became an island
in the Missouri River in June of 2011. The NRC’s inspectors, risk
analysts, and managers performed commendably. Next slide, please.

Regarding flooding hazards, nearly three dozen
reactors were identified by the NRC staff in Generic Issue 204 with
potentially inadequate protection against flooding. Slide 5, please.

In Generic Issue 199, the NRC staff identified nearly
two dozen reactors with potentially inadequate protection against
earthquakes. Next slide, please.

And there are typically between one and two dozen

reactors not in Column One of the NRC’s Action Matrix and, thus,
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having identified risk-significant performance shortfalls. Slide 7,
please.

The unresolved hazards known to potentially exist
can double, triple, and even quadruple up. For example, 10 reactors
currently have unresolved flooding and seismic hazards. Slide 8,
please.

Our concern is that the NRC’s decision-making
processes consider these hazards in isolation without accounting for
other hazards known to be unresolved. Slide 9, please.

If a doctor’s diagnosis only considered a patient’s
weight, or pulse, or temperature without considering other medical
parameters it would be time to look for another doctor, and perhaps a
coffin. Next slide, please.

Reactors are not always afflicted by only one hazard.
All known risk factors must be considered by the NRC when making
decisions about schedules or enforcement discretion, and other
operational risk issues. You cannot connect the dots to see the full
picture by focusing on only a single dot. Slide 11, please.

Our second concern involves the NRC mandating
walkdowns and assessments of flooding hazards before defining its
expectations and standards. Slide 12, please.

This is an abridged time line relative to the external
flooding walkdowns conducted by NRC inspectors and plant workers.

Slide 13, please.
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For the walkdowns to be effective in providing input
for flooding hazard assessments, the NRC'’s expectations for these
assessments should have been issued before the walkdowns were
performed. The August 2011 earthquake near the North Anna Nuclear
Plant illustrated the NRC’s putting the horse before the cart. After an
earthquake shut down its two reactors, the NRC applied the criteria in
Regulatory Guide 1.167 before permitting the reactors to restart. This
Regulatory Guide had been issued in March of 1997 and directed the
plant’s owner and the NRC through the proper steps to safely
restarting the reactors. It was done then, it should be done now. Slide
14, please.

In late January of 2013, nearly a year after the
walkdowns were mandated, the NRC and its federal partners
conducted a three-day workshop on flood hazard assessments. Slide
15, please.

Recurring themes throughout the workshop were
illustrated in these slides. Again and again presenters indicated that
the existing standards are woefully outdated and inadequate. So, what
did the walkdowns using outdated and inadequate standards
accomplish other than some exercise? Slide 16, please.

For example, TVA reevaluated flood hazards at
Sequoyah and Watts Bar caused by dam failures assuming sunny day
conditions when the reservoir behind the broken dam holds far less

water than if the dam failed following heavy rainfall, or very heavy
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rainfall, or whatever term best estimate or most convenient. There’s
been much talk about cliff edge events since Fukushima, but
pretending cliffs don’t exist won't prevent future falls. Next slide,
please.

Industry panelists at a flood hazard session during the
June 2013 American Nuclear Society Annual Conference reported
that walkdowns looked at whether flooding above design-basis levels
with over top barriers or reach unprotected pathways into vital
structures, but they did not consider whether that much water weight
might fail a barrier, or cause other damage such as submerging and
disabling electrical cables. Next slide, please.

In 2012 representatives from Oconee told the NRC
how they’'d use the equipment inside the safe shutdown facility if
flooding damaged the auxiliary feedwater system and other
emergency equipment. The safe shutdown facility is protected by a
flood wall five feet high. Representatives stated that workers
periodically simulate performing the actions necessary to be taken in
considerably less than 30 minutes. The workers simulate this
response on nice sunny days when they can stroll across the site,
climb up the stairs over the wall into the facility, but could flooding
impede their movements and prevent them from completing the
necessary actions in time? No one ever checks. Slide 19, please.

Workers at Fukushima had actions they could have

taken to prevent three reactor meltdowns. Extreme conditions at the
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site prevented them from doing so. It’s not clear that our flooding
assessments are properly accounting for the difficult conditions that
flooding forces workers to perform under. Slide 20, please.

So, the question is would the NRC mandated
walkdowns and assessments have prevented the Fukushima disaster
had they been completed in Japan prior to March 11", 2011? I'd have
to say no. Next slide, please.

Perhaps a better answer would be not yet. If
Recommendation 2.2 ever gets enacted, and if the federal
government ever updates federal flood hazard standards and
guidance, and if identified shortcomings ever get remedied, the
answer could then be an honest yes. Slide 22, please.

More than 25 percent of the plants in Category One
missed deadlines for submitting their flooding reevaluations. The
reasons for some of these delays involve the horse cart issues
previously mentioned. There’s little evidence to believe that further
delays will not transform flooding hazard upgrades into the next fire
protection or GSI-191 regulatory fiasco. Next slide, please.

Even more troubling, nine out of ten plants found
longstanding violations of existing regulatory requirements. How is this
even possible? Many, many walkdowns have been conducted by plant
workers and NRC inspectors over the past four decades allegedly
looking for stuff like degraded missing seals, so why did so many

attempts over so many years fail to find these numerous violations?
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This must not remain a rhetorical question, for its answer provides the
best assurance that the efforts being taken now will actually remain
effective. Absent the fixes this answer will trigger there’s no protection
against upgrades becoming degraded and missing in the future, and
lots of workers and NRC inspectors wandering around cluelessly. Next
slide, please.

Our third concern involves the agency’s inconsistent
oversight of flooding issues. The secret handling of flood protection
problems at Oconee, and a very public handling of similar problems at
Fort Calhoun, Point Beach, and Monticello is just wrong. People living
around Oconee had a right to know about its problems, yet the NRC
improperly withheld that information. And why did the NRC protect
Duke while throwing other owners under the bus? Next slide, please.

We urge the NRC to formally account for all known
unresolved safety issues when making regulatory decisions. We urge
the NRC and its federal partners to update flood hazard standards
before owners conduct the 10-year reassessments. And we urge the
NRC to implement a better means of classifying documents to achieve
more consistency and less bizarreness. Thank you.

CHAIRMAN MACFARLANE: Thank you very much,
David, excellent.

Okay, so appreciate all your presentations, and we
will now move to questions from the Commission. We will start off with

Commissioner Apostolakis.
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COMMISSIONER APOSTOLAKIS: David, if we go to
your Slide 8, | don’t understand what you're saying there. Can you
explain, “largely made without formally considering other known risks.”

MR. LOCHBAUM: Yes. When Regulatory Guide
1.174 or other NRC regulatory tools are made they’re made based on
that specific issue, and what change it makes in the core damage
frequency. It doesn’t look at what other problems may be known to
exist at that facility so, therefore, a determination -- if two plants had
the same delta core damage frequency but one plant was -- had a
bunch of other problems, in the other facility that was the only problem
it had, that should also be factored in the decision about whether to
tolerate or not to tolerate that condition, or either to authorize that
change or not. But right now, the NRC tunnel visions in on that
specific issue in its delta risk without looking at other risk factors that
are known to exist at the facility. In our view that’s just wrong.

The NRC doesn’t allow plant owners to do that when
they look at 50.59 changes and Corrective Actions. The NRC requires
plant owners to look holistically at those, and yet the NRC takes a
different do as | say, not as | do thing.

COMMISSIONER APOSTOLAKIS: Well, that’'s —in
some cases that may be true, but in a lot of the applications it was
really a unique issue like extending the diesel generator outage time. |
mean, what else are you going to look at?

MR. LOCHBAUM: In that case, what we’ve
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recommended is if you're going to extend the diesel generator outage
time, you might want to provide additional security so the insider threat
or the outsider threat doesn’t take advantage of the plant already
being down one diesel generator.

COMMISSIONER APOSTOLAKIS: So, you want
security. Okay.

MR. LOCHBAUM: But, again, focusing in on only one,
you can make the right decision for that question, but there are other
unanswered questions on the table.

COMMISSIONER APOSTOLAKIS: Okay, that's a
good point. Mr. Valil, you -- following this former Speaker of the House,
you want us to embrace uncertainty. Because uncertainty is not a
physical quantity, | have difficulty understanding how I’'m going to
embrace it. Can you elaborate a little?

MR. VAIL: Yes. What I'm trying to say with embracing
uncertainty is knowing that the climate -- you know, we need to have,
you know, more probabilistic type estimates probably associated with -
- you know, moving away from a deterministic PMP approach. We
need to have that more climate-informed, and we also need to know
that climate science is going to evolve over the period of time, and that
may change our estimates. So, we don’t know exactly where this
going to be leading but we need to accept that.

COMMISSIONER APOSTOLAKIS: Has anyone

quantified those uncertainties due to climate changes or so on?
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MR. BONNIN: Yes, let me answer that question with
NOAA Atlas 14. With NOAA Atlas 14 the precipitation frequency
estimates for the country for the first time we’ve had error estimates
associated with the estimates themselves, so we provide the upper
and lower bounds of the 90 percent confidence limits. So, that allows
an engineer when they’re designing a culvert to say well, I'm going to
design this for 3.4 inches, that was what the 50-year, one-hour,
whatever, 3.4 inches, but those errors really do range from about plus
or minus 10 to plus or minus 30 percent depending on where you are
in the country and the conditions.

So, what happens in the past is use 3.4 inches, but
what happens if it's really 4-1/2 inches? Off the top of my head | don't
know whether that’s within the bounds, so it seems to me that when
people start considering the uncertainty in these things, that should
push them to look at different values, and different ranges of values.
And that was a very simple case | gave you, so a lot of that sort of
thing starts to combine.

COMMISSIONER APOSTOLAKIS: That's very useful,
but I'm sure it will be. | mean, we are -- another thing that you may not
know is that whenever we have an estimate like 3.5, for example, we
always add margin to cover the unknowns, so the 4-1/2 wouldn’t do
much to us. Please.

MR. PATHAK: Yes, but if you look at the education

system, if | were to go civil engineering department and teaching the
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classes and designing the hydrologic structures, typically they just
look at the one value which is cast in stone. Either you design for X
number or you don’t do this, so this is a new paradigm shift in the
teaching the younger generation to think in probabilistic sense. So,
uncertainty when he said embrace, if you talk to the traditional
engineers, what uncertainty are you talking about? They seem to look
at as if something new terminology has been put in place, so | think
there is a -- at least in civil infrastructure side | could say that needs to
happen from the younger generation, and to look into this a little bit
more. However, having said that, it's not to say it’s too late to start
looking into it, and that’s one of the things | think we need to pay
attention to.

COMMISSIONER APOSTOLAKIS: I'm very glad
you’re saying that, but what | would like to point out, this is great to
educate a new generation, but this agency has been dealing with
uncertainty for decades. The last 15, 20 years we’ve actually
guantified it. And we have complained ourselves here about the -- you
mentioned civil engineering departments, mechanical engineering
departments, do they know what uncertainty is? That has been a
separate problem. So, you are not really asking us to embrace. We
have embraced it, and kissed it for a long time. Okay?

(Laughter.)
MR. VAIL: Yes. | was trying to say as a community.

COMMISSIONER APOSTOLAKIS: If you are talking
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about the civil engineering departments, that’s fine, that’s great, that’'s
very noble.

And one last comment, Mr. Stuart Lewis. In two of
your slides you talk about plant-specific and site-specific impacts,
PRAs and so on, so you do believe then that we should do site-
specific analysis? Be careful.

(Laughter.)

MR. LEWIS: Well, again, we -- | think that, again, we
started with a process to try to identify which hazards need to be
evaluated on a site-specific basis. So, | don’t think that every site
necessarily has to address every hazard in detail. But | think it is

worthwhile for those sites that have a potential vulnerability to perform

COMMISSIONER APOSTOLAKIS: But it is a site-
specific investigation.

MR. LEWIS: It is.

COMMISSIONER APOSTOLAKIS: | mean, you have
to understand the site-specific nature of risk.

MR. LEWIS: That’s right.

COMMISSIONER APOSTOLAKIS: Very good, thank
you. No, don’t say anything else.

And, Mr. Lochbaum, I'm still trying to understand how
the cart goes in front of the horse. | must say | read your report. It’s

still not very clear to me.
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MR. LOCHBAUM: When this issue came up, | put
myself in the shoes of somebody doing one of the walkdowns. And
without knowing the mechanics, or the details, or more information
about the flooding hazard assessments, I'm not sure what I’'m walking
down. | know I’'m supposed to be walking down the intake structure, or
this building, but without knowing how that data, the results from my
inspection will feed into the next step, | may miss things, not
intentionally, but | don’t know.

COMMISSIONER APOSTOLAKIS: | thought the staff
developed guidance.

MR. LOCHBAUM: Yes, and they issued it after the
walkdowns were done.

COMMISSIONER APOSTOLAKIS: I'm sorry?

MR. LOCHBAUM: They issued it after. That was the
cart-horse thing. It should have been issued up front before the
walkdowns.

COMMISSIONER APOSTOLAKIS: I'm done.

CHAIRMAN MACFARLANE: Okay. Commissioner
Magwood.

COMMISSIONER MAGWOOD: Thank you,
Chairman. Thank all of you for coming and sharing your thoughts with
us today.

Let me pick up where Commissioner Apostolakis kind

of left off. | suspect he’s looking at the slides in somewhat the same
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way | was when he saw your slides about the site-specific nature of
this. And | wanted to ask you, you heard what Mr. Lochbaum had to
say about connecting the dots. Do you have a reaction to that? Do you
agree with that? Do you think we sometimes don’t connect the dots,
we don’t connect the site-specific interfaces between seismic and
flooding, and storms, and those sort -- do you feel like we -- do you
think we need to do more in that direction?

MR. LEWIS: Well, | think he may have been talking
about something somewhat different from what | deal with. I'm a
probabilistic risk assessment person, and one of the real —

COMMISSIONER MAGWOOD: That's why | asked.

MR. LEWIS: One of the real strengths of probabilistic
risk assessment is the ability to integrate all the different challenges to
the plant and understand the relevant importance of different aspects
of the plant. So we don’t intentionally exclude -- | should be careful
how | say that because there have been certainly limited scope risk
assessments done in the past, but we don't try to exclude something
on a -- anything other than a technical basis from the assessments
that we perform.

| think Mr. Lochbaum was talking more in regulatory
space, and he can correct me if I'm wrong there, but he was talking
about sort of siloing different considerations from a regulatory
perspective that we wouldn’t intentionally do in a risk assessment.

COMMISSIONER MAGWOOD: But from a regulatory
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standpoint, if we’re to apply risk disciplines shouldn’t we be integrating
in that fashion? | mean, doesn’t that make sense?

MR. LEWIS: It does very much make sense to me
that | don’t think you can make good decisions focusing on one aspect
of the plant at a time. | think that could well lead you to make
inappropriate decisions from a risk perspective.

COMMISSIONER MAGWOOQOD: Thank you. |
appreciate that.

Let me sort of switch to another part of your
presentation, David, because you highlighted some things where you -
- at the end of your presentation where you felt that we were not
implementing our responsibilities quite correctly, missing of the pieces
particularly when it came to the flooding and other areas.

And it occurs to me, particularly as you talk about
things like the fact we don’t look at the practicalities of manual actions
during a flood event. As I've gone around to different plants, | think we
do that. And | question whether we don't. | think maybe what we don’t
do is maybe we don’t do it as consistently and at the same level of
detail at every site. Maybe there’s criticism there, but | do think that --
as | talk to resident inspectors and others at different sites, they clearly
ask those questions, and we clearly do review those manual actions in
that light.

MR. LOCHBAUM: That’s not been my experience.

For example, at the Susquehanna Plant there was a response plan to
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a question you asked this morning about the nexus between reactor
accidents and spent fuel pool accidents where there were some
actions that needed to be taken in the reactor building to protect the
spent fuel pool. They had radiation dose maps of what the dose would
be in various buildings after a design-basis accident, design-basis
core damage, and they ran through those buildings without checking
the radiation levels because they had a map. Well, in real life you're
going to check periodically to make sure you’re not being fried. You're
not going to run, but the NRC inspector checked it and said yes, he
can run that fast. And that was totally bogus. Yes, it proved a point
that’s not really relevant. And I've seen that done at many other
plants. I've not seen where anybody accounts for the fact that you
can’t walk on water and get across five feet of flood waters to the safe
shutdown facility. I've not seen that. You may have different
experience. I've just not seen that.

COMMISSIONER MAGWOOD: Yes. Well, that's why
| say, | think, and maybe the staff will want to react, | know Eric is
going to be at the table, so I'll queue that up for Eric, wherever he is in
the room, to be prepared to respond to that. But | have -- because I've
had the conversations and we’ve gone through those, so maybe it's a
matter of consistency as opposed to not taking the actions.

But also, as you pointed out, with some of these
implementation Recommendations 2.1 and 2.2, which you kind of

highlighted as the right thing to do once it’s fully implemented, | just
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wanted to highlight that that is -- that does answer a lot of the
guestions you pose. You know, once those things are actually fully
implemented those problems are largely solved. So, | just wanted to
highlight that because you were —

MR. LOCHBAUM: Yes, | appreciate you picking it up
because we deliberately put that in because it’s a work in progress. If
we get to that point we’ll be happy, and you’ll hear us whining about
something else, not that. So, | think everybody wants to get to that
destination, so I'll stop there.

COMMISSIONER MAGWOOD: Great, fair enough.
Thank you.

Let me shift back to Mr. Lewis for a moment, because
the work that you’re doing | thought was very much in synergism with
some other work we’ve seen coming out of the industry lately. NEI
sent us a letter back in October highlighting a draft probabilistic
screening process for assessing nuclear plant issues and risk
prioritization. Is that something you're engaged in? Is that part of -- are
you part of that activity?

MR. LEWIS: We haven’t directly participated in that
activity. I’'m aware of it, and | followed it to some extent but that’s been
done largely outside EPRI.

COMMISSIONER MAGWOOD: Oh, okay, | wasn’t
aware of that. So, is it -- as far as you know, does that -- is that activity

going to include the external events?
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MR. LEWIS: | don’t think it's meant to be limited to
any particular aspect, so | would expect that it would include external
events.

COMMISSIONER MAGWOOQOD: One would think your
work would be relevant to that. One would think. All right, I'll leave that
there.

Let’s see. One other question, | think | want to ask --
actually, let me shift to something else because Mr. Bonnin and Mr.
Vail, since we have you here and you’re working in the climatology
area a little bit, we can get your view on this.

You both have talked about the uncertainties
associated with how the scientists are approaching this, and whether
the engineers are engaging in the conversation. Can you give us
some guidance? | mean, are there things that are actionable today?
Are there things that agencies like NRC should be doing now that
we’re not already doing in terms of preparing for climate change and
incorporating climate change uncertainties into our regulatory
decisions for the longer term future?

MR. VAIL: Well, you know, | think one thing that |
actually had noticed recently within NRO, they actually have the
meteorologists and hydrologists in the same branch, you know, which
actually sort of enhances that sort of communication with the
hydrologists and the climatologists, so | think that that sort of helps

inform the process and stuff. You know, | don’t know if that was done
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for this reason or not and stuff but, clearly, you know, it was a good
move and stuff otherwise and stuff. But yes, | think that there'’s -- |
think the most valuable thing that could happen right now are the
activities like with Dr. Bonnin and stuff to start moving down the road
and sort of updating, revisiting and revising some of the
documentations that are sort of key to a lot of those activities and stuff
because, ultimately, we're going to go back -- you know, whoever is
doing this assessment is going to rely on those. | don’t think NRC
really has the responsibility to do climate research. | think you are a
consumer of that climate research. And, unfortunately, because
climate research is popular and there’s a lot of spending on it and
stuff, there’s not much spending on the sort of practical stuff that |
need to do my assessments with. So, they’re looking out at longer
terms.

| know if | talk to some of the people on the research
side they’ll say oh, yes, you know, we talk about extreme events, but if
that’s a 5 percent precipitation exceedance and stuff that’s not what
I’'m talking about and stuff in terms of analysis. But | -- you know, |
think the most valuable resource right now is to try to get some of
these -- the HMRs and other documentation climate-informed and
brought up to date, because we’re sitting right now on a lot of them
that are from the ‘70s.

MR. BONNIN: Yes, and that’s actually one of -- |

wrote down three points just here. The first one is updating the
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standards that we’ve got. Some of the standards, the PMP standards
don’t include any storms beyond | think it's 72, so that hasn’t gone into
any sort of assessment at the moment. The older -- | mentioned the
TP40 doesn’t cover the whole country yet. The latest that we had
produced was NOAA Atlas 2. That is still in the northwest, a 1972
document, and Texas which we haven’t covered in our Atlas 14.
They're still using Technical Paper 40 which dates from the early ‘60s.
So, | think someone made this allusion before that we can do things
like modernize flood inundation maps but then when we say
modernize flood inundation maps and we use standards from 1960, |
kind of wonder what that means. So, that’s the issue that | think you
highlighted well.

The second point | wanted to make was it’s all very
well to update the standards, but that’s still based on this assumption
that we all know that’s incorrect, but we buy it, that climate is
stationary, that there’s a stationary climate. And we have to start
dealing with what are the potential impacts of climate change, and we
have to start pushing the research to do research in the range that is
relevant to civil engineering. And that’s very difficult to do, and there’s
not enough of it happening, and there’s not enough people who really
realize that semantic problem, that it really isn’t happening.

And then, finally, the issue of embracing uncertainty.
Again, | keep coming back to I’'m designing a culvert. I'll do 3.4 inches

because that was the 50-year, three-hour value, 3.4 inches, but what if
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it was really five, what if it was really two? Would | change my design
approach if | started thinking that there wasn'’t this single threshold
and | can ignore anything that happens once that’s over top because
I’'m designing to that. And when you start to consider uncertainty you
start to think -- | think people should be starting to think about well,
what are the failure modes here? Are the failure modes catastrophic?
Are the failure modes manageable?

The idea Commissioner Apostolakis mentioned of
adding a free board, a kind of a fixed free board, the core is in there
probabilistic approaches is starting to abandon those fixed-type
thresholds. Chandra can say this better than | can, but looking more at
evaluating probabilities for handling those types of safety factors.

COMMISSIONER MAGWOOD: Thank you very
much. That was just a very long response, not an extremely long
response. Chairman, it's all yours.

CHAIRMAN MACFARLANE: Commissioner
Ostendorff.

COMMISSIONER OSTENDORFF: Thank you,
Chairman. Thank you all for your presentations, | found it very
interesting.

Let me start off with Mr. DeNight. So, Salem-Hope
Creek you had some Lessons Learned from the Hurricane Sandy
experience. Are there any of those Lessons Learned that you would

not -- let’'s assume Sandy did not happen, but you knew those
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Lessons — are there some of those lessons you would have not have
learned from the flooding actions that we’re requiring you to do as part
of post-Fukushima actions?

MR. DeNIGHT: I think the Fukushima actions and
taking a look at those where almost everything that I've seen so far
with the Fukushima project, Fukushima team, and then the walkdowns
that we've been supporting and associated with those are really to add
defense-in-depth more so beyond just what our current capability and
design capacities are for the unit. And really that's what I'm getting
from the Fukushima team right now, is that defense-in-depth beyond
where we're at.

There was I'll say little Lessons Learned coming out
of that particular team that we could have applied to the Lessons
Learned that we had coming out of Super Storm Sandy when it came
through which were more on the commercial side affecting the turbine
and condenser more so than affecting any of our safety-related
systems.

COMMISSIONER OSTENDORFF: Okay, thank you.
My next question is for the Army Corps and for EPRI. And this
guestion gets into areas outside the electrical generating industry,
outside of the nuclear industry. So, let’s just take the State of
Louisiana, and we have a lot of experience with Katrina, a lot of
experience with the hurricanes. Are you -- either of you aware --

again, | know you’ve got different perspectives, one government, one
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industry. Different approaches taken by the oil and gas industry as far
as offshore oil rigs, lots of refineries along the Mississippi River
between Baton Rouge and New Orleans. Are there any different
approaches that other industries take to flooding that you don’t see
being taken by the electrical generating industry? Or perhaps, in the
Army Corps case, you know, you’ve got a lot of levies down there in
Louisiana, maybe it applies strictly to levies.

MR. PATHAK: Right.

COMMISSIONER OSTENDOREFF: But I'm just trying
to see where are we learning from a broad-based perspective
elsewhere?

MR. PATHAK: Right. In terms of Katrina and Lessons
Learned from the Army Corps of Engineers for levies and other
infrastructures, one thing we have done is significant work in the area
of estimating the surge using the models which are developed by our
Engineering Research and Development Center called Arctic Model,
and which used -- had developed about close to about 150 scenario
storms, and using those storm conditions they’re predominantly
meteorological and specifically on wind-driven system. And the storm
estimates were made, and now currently we are doing the same work
in the northeastern corridor. So, that did not happen before Sandy, so
now we are engaged in doing what we did for Katrina, aftermath of
Katrina, so using those estimates we are now using that updated

information based on those sophisticated model, so we have much
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better estimate of the storm surges that we had before Katrina. So,
that is new information, and that is where the heights of the levy were
used in determine -- using that information from the models.

COMMISSIONER OSTENDORFF: Does the Army
Corps envision this information resulting in going back and increasing
the height of existing levies?

MR. PATHAK: Yes.

COMMISSIONER OSTENDORFF: Has that
happened so far?

MR. PATHAK: Right. And the other thing -- yes, that
is true. In addition to doing that, what we have done is we have looked
at the multi-aspects of risk taking or risk aversion by not only relying
simply on the infrastructure, but other means which maybe not
necessarily -- non-structural measures. So, insurance is one of them,
and also the other parameters where, for example, setbacks from the
levies, so things of those nature are also being integrated in the
systems part of it.

In addition to that, what we have done typically is
most of the levies we are not resilient. What that really means is when
the levy overtops it would fail, but now we have made sure in those
cases where we have resiliency in the levy system being built so even
if it overtops it will not fail.

COMMISSIONER OSTENDORFF: Okay. Just for

clarification, a question on that.
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MR. PATHAK: Right.

COMMISSIONER OSTENDOREFF: Are you requiring,
or is anybody requiring modifications to existing levy systems to
incorporate new notions of enhanced resilience for overtopping?

MR. PATHAK: Let me be very specific to New
Orleans area. We have done that, and we are looking at -- the
guestions we are asked whether we are using the same standards.
We have the standards are used in New Orleans are being applied
elsewhere. Yes, we are in the process of using those. We have
different scenarios in inland conditions, as opposed to the coastal
conditions.

COMMISSIONER OSTENDORFF: Okay.

MR. PATHAK: So, there is distinction there to be
made.

COMMISSIONER OSTENDORFF: Okay. Mr. Lewis?

MR. LEWIS: | can speak a little bit to experience in
the oil and gas industry more from before | joined EPRI where I've
done some work, and I'm fairly familiar with most of the methods used
there. But | don’t know of anything different, or that’s better, or goes
beyond what’s done in the nuclear industry specific to external
flooding.

Most of the work in the oil and gas industry has
tended to be more qualitative in nature. There is some quantitative risk

assessment, but there’s a lot more qualitative work that’s done there. |



58
don’t know anything specifically.

But if | could answer a slightly different question, you
might be interested to know that in the aftermath of Super Storm
Sandy, we were working with EPRI’s power delivery and utilization
sector separate from the nuclear section to assist the utilities in New
York, Long Island, and making good decisions about how to improve
their infrastructure, what kinds of things they ought to protect. They
didn’t have the same kind of systematic approaches to understanding
where their hazards are, and what they can do to protect against
those hazards that we use fairly routinely in the nuclear industry. So,
we do have that kind of cross sector work going on. And | realize
that’s kind of the reverse of your question.

COMMISSIONER OSTENDORFF: That's fine. That's
helpful.

MR. LEWIS: It turned out to be an interesting project.

COMMISSIONER OSTENDORFF: Thanks for sharing
that.

Dr. Bonnin, let me ask you a question from the NOAA
National Weather Service perspective. In the area of let’s say flood
prediction, because | know you do a lot of things in your agency, but in
that area is there any big difference between what you do and what
the United States does via your agency, and what’s done let’s say in
the Netherlands who faces significant flooding issues from the North

Sea, dealing with floods for centuries.
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I’'m trying to understand is there any big delta
between our practices in this country on flood prediction or how we
address these issues than what you might see internationally?

MR. BONNIN: Yes, | think there is, and | think that
Chandra might be able to better answer part of that question. | do
know that there have been a lot of interactions between various folk in
the U.S. and various folk in Holland in the recent couple of years. But,
for example, there’s a lot of planning, of land use planning that goes
on in Holland that | don’t think that we really do here. It’s really quite
extensive and it allows for progressive failures, failure in depth.

COMMISSIONER OSTENDOREFF: It’s that the
context of where you allow people to build homes and vacation
properties, that kind of -- is that kind of the subset? I'm not trying to
make a political question, I'm just trying to get a context.

MR. BONNIN: Well, I think that the cases where we
have -- Chandra mentioned, what happens when the levy fails? We
want it to be resilient, and fail gradually if not at all, as a structure. But
all of a sudden when these levies fail such as in New Orleans, it's a
disaster, and it's a disaster because we haven’t anticipated what’s
going to happen beyond the protection level we’re providing. That’s
get down to a community understanding that you build a dam, it's
going to protect people to this level here. It protected them to this level
before, so they start sorry, the other way around. And what happens,

they’ll build houses down to what the original -- down to that 100-year
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risk line, whatever -- accept the same risk. So, those sorts of land
planning issues are really what the Dutch have been very good at.
Chandra, do you want to —

MR. PATHAK: Yes, | think | would agree with that. In
addition to that, I think one of the things | noticed in the visits to the
country that they have a lot more understanding and self-realization in
the community of what the flood is all about. Unlike in the areas in
other parts of the country where you go, people say we have flood
insurance, we don’t need to worry about it. And when you look at that,
when you think about that, | don’t think people tend to -- and even if
you look at the building encroachment to the top of the levies, a very
classic case, we have about 15,000 miles of levees listed in our
database, there are at least another 50,000 miles of levees which are
non-federal, and they are no different than -- the scenarios are no
different. So, the question is does the general population gets it? And
have we done an adequate job of explaining, and that’s why we call
this risk reduction as opposed to risk elimination on the floods. I think
that’s a key point there.

COMMISSIONER OSTENDORFF: That is very
helpful, thank you. Thank you, Chairman.

CHAIRMAN MACFARLANE: Yes, it’s not limited just
to levies, it goes on —

MR. PATHAK: Absolutely.

CHAIRMAN MACFARLANE: --to coastal issues, and
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fire hazard, et cetera. It's the whole shebang. Anyway, my turn.

So, let’s go back to flood prediction. So, we sort of
talked about it around the edges but let’s talk about whether we're any
good at it. | take it from you not really. You know, we can sort of get
the mainstream stuff, but we keep getting surprised. Right? | mean,
we keep hearing about floods, the most recent one somewhere in, |
don’t know, Tennessee. | don’t know, I'm not even remembering the
most recent one, but | guess how often do we get it wrong?

MR. VAIL: You know, again it's the magnitude of the
flood that you’re talking about and stuff. Are you talking about us
missing a PMF or are you talking about a flood happening that may
have, you know, we thought would be around 100-year flood or
something like that? | don’t think there’s very many instances and stuff
from we’ve missed a PMF calculation based on a PMP.

CHAIRMAN MACFARLANE: A PMF is?

MR. VAIL: I'm sorry, Probable Maximum Flood. And,
basically, a Probable Maximum Flood is the flood that you get when
you have the Probable Maximum Precipitation. And we don’t have a
lot of instances where those are occurring. And those are, basically,
what the Corps uses, primarily, in a great extent to protect dams from
catastrophic failure and stuff. There’s a lot of other flood systems, you
know, in some case levies and stuff that aren’t designed to maintain
PMFs. So, | wouldn’t say, necessarily, that at the PMF level we're

missing it. There are some examples, like the American River and the
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Sacramento, they build the Folsom Reservoir as a -- to protect against
a 500-year flood. | think now they’re saying that was a 70-year flood,
you know. So, sometimes we miss on the PMPs.

| think when -- you know, | plead total innocence to all
this because | just take the PMP and run it through, and | think what
we're doing there is pretty conservative.

CHAIRMAN MACFARLANE: The PMP is the
Probable Maximum Precipitation.

MR. VAIL: Precipitation. Yes, sorry.

MR. PATHAK: So, maybe if | can add on to that PMP,
Probable Maximum Precipitation. If you go back and look at the
concept where it came from.

CHAIRMAN MACFARLANE: Right. That was going to
be my next question.

MR. PATHAK: That is basically an assumption made,
and the method used in developing that PMP, Atlas back in 1970. And
the work was probably in the ‘60s, and if you look at the data which
was used primarily up to 1960s or late ‘60s. Since then, these have
not been updated. The size has gone far ahead. We are way behind in
updating it leave alone the sizes.

Now, if you’ve got to go back —

CHAIRMAN MACFARLANE: Of what?

MR. PATHAK: Sizes of estimating the Probable

Maximum Precipitation, which by definition is maximum amount of
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rainfall generated based on atmospheric conditions, humidities,
temperature, and so on. Those we have learned a lot more about —

CHAIRMAN MACFARLANE: But we haven’'t updated
them.

MR. PATHAK: Exactly.

CHAIRMAN MACFARLANE: Why not?

MR. PATHAK: And it’s a lack -- and let me be -- take
a very crack -- very first crack at it. It just comes down to resources.
And it’'s not a whole lot of thing, exactly. | mean, if you look at it -- what
you have —

MR. BONNIN: Let me —

MR. PATHAK: You can go ahead, you can pick it up
from there.

MR. BONNIN: I'm responsible for shutting -- the
Weather Service produces those estimates, has for many years. | shut
it down. I'm the person that shut it down. | shut it down in the early
2000s because -- we were being paid to do that by other federal
agencies with reimbursable funds that came in, nothing out of the —

CHAIRMAN MACFARLANE: Yes.

MR. BONNIN: So, it’s in our budget. Those funds
dried up. | said | can’t maintain a critical mass of expertise without
those funds. That didn’t happen, and now we have a committee that
was referred to. | think it was your slides that’s been meeting for a

couple of years, whose mandate really is to find out and make
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proposals on what it would cost to do that, and how we would do it.
But that committee is a little bit stymied by the fact that we know that if
we were to make a real estimate what it would take, it's multiple
millions over multiple years, and it's hard to find those funds.

CHAIRMAN MACFARLANE: Okay. So, you're telling
me that the Probable Maximum Precipitation and the terms that you're
using are the 100-year flood, the 70-year flood, the 500-year flood, the
whatever. So, you're basing all of this on historical data.

MR. PATHAK: Correct.

CHAIRMAN MACFARLANE: I'm a geologist. Is
historical data relevant? It wouldn’t be for me because it’s -- and
you're telling me now that the actual historical data is from 1960s and
before, so we're not even talking 100 years of data. Correct?

MR. PATHAK: Correct.

CHAIRMAN MACFARLANE: So, we're missing a lot |
would imagine, which takes me to your terminology questions, which |
think is right. | would have a slightly different spin on it. | don’t like
using the word “extreme” weather, you know, the extreme cold that we
are going to experience because to me it’s just part of normal. We just
haven’t defined normal properly because we haven’t looked back far
enough.

MR. BONNIN: When we’re designing structures those
generally have a lifetime of 30, 50, 100 —

CHAIRMAN MACFARLANE: Yes, that’s true.
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MR. BONNIN: Yucca Mountain might be a little bit
longer than that. So, we’re not really dealing on geological time
scales. However, in the analysis of flood flow frequencies, they are
going back into the geological record and have developed a set of
statistical procedures to be able to incorporate that non-continuous
record into those estimates. So, yes, they are using those. But, again,
it's a question of what sort of point on the geological time scale are
you designing for something to be —

CHAIRMAN MACFARLANE: You're right. You're
right, we’re designing these structures that are going to last for, in the
case of nuclear power plants, 60 years, maybe longer. Okay? But
certainly, the sites may be around longer. We had an estimate this
morning from EPRI of they’re looking 100-years for the dry casks.
Okay? So, say we’re talking about 100-year scale. And we’ve been
talking a lot about climate change, and we haven’t included that in our
estimates of Probable Maximum Precipitation. | see this as a problem.
Yes, do you agree?

MR. BONNIN: Absolutely, and that’s what this
committee is all about, and the answer is more money.

MR. PATHAK: So, coming back to your PMP
guestion, if I could divide the data into two parts; one where we have
precipitation data available for 50, 60, up to even 100 years in some
location, but some places, so where we look at the -- develop the

Atlas 14 or TP40 where we were using the data to extrapolate portions
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of the time series to look at the statistical analysis to come up 100-
year rainfall, 500-year rainfall, and now a new one we have a 100-year
-- a 1,000-year rainfall. That’'s one part of it. PMP is completely
different. It is deterministic, it is a value, and it is determined based on
the possible -- the data set which they looked at it in various
conditions.

The point is that we need to do some investment in
doing some research, R&D not for 10 years or 20 years, five years
reasonably which NSF is willing to do. They need dollars, none of us
have it, so the point is we need at least two to five million dollars.
Once we have that new methodology, because this is almost 70 years
old, the methodology we talk about, the science is there. We need to
integrate the extreme storm methods which are used, which are used
in numerical predictions, weather predictions. That needs to be
integrated. All of that, we have radar data available which is
completely new relatively speaking, so all these data sets are
available. The work needs to be done —

CHAIRMAN MACFARLANE: You just need the
money to do it.

MR. PATHAK: Right. And then we need to develop
those -- update those PMP, so you could do two ways. You could take
the PMP and update it without —

CHAIRMAN MACFARLANE: So, for us the situation

now is that we don’t really have, necessarily, the adequate information
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that we need.

MR. PATHAK: And we don’t have the hundreds of
millions of dollars. We're talking about tens of millions of dollars.

CHAIRMAN MACFARLANE: Well, it seems
reasonable. I'll talk to my friends.

MR. BONNIN: We're using analyses that existed and
understandings before the term mesoscale convective complex was
even invented.

CHAIRMAN MACFARLANE: Okay, | have one more
question for you that | want to slide in here, and that is, we’ve been
talking about floods for the most part. Are there other weather events
that you think we should be concerned about? Today there’s an article
in the New York Times on the front page about Colorado River, 12
years of drought. You know, should that be of concern? You
mentioned missiles from high winds. You know, what else?

MR. VAIL: One point | would just add, and it's actually
getting back to floods, but that’s that floods are more than just
precipitation.

CHAIRMAN MACFARLANE: | know.

MR. VAIL: So, we also have to be considering, if you
look at —

CHAIRMAN MACFARLANE: Storm surge.

MR. VAIL: Well, no, the flood at my house, for

instance. It was a relatively modest precipitation event that triggered it.
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CHAIRMAN MACFARLANE: Right.

MR. VAIL: It was on snow.

CHAIRMAN MACFARLANE: That’s right.

MR. VAIL: And we have frozen solls.

CHAIRMAN MACFARLANE: Right.

MR. VAIL: And that, basically, represents it. And if
you start doing land use changes, and you get significant possibilities
of —

CHAIRMAN MACFARLANE: Which sort of goes to
David’s point earlier, that we have to consider more than —

MR. VAIL: Yes, so | think we need to look at it
broader on the flooding side.

CHAIRMAN MACFARLANE: Good point.

MR. VAIL: And it's not just the precipitation is the end
of the story. It's maybe the end of Geoff’s issue and stuff, but then |
think for Chandra and | on stuff like that, that comes back to being
more a hydrology issue.

MR. BONNIN: There’s a joke inside the Weather
Service about the action statements that we put out with forecasts. So,
if there’s a tornado, you go down from the top of the hill into the ditch
and you lie down in there. But, unfortunately, when there’s a tornado
there’s often rain, so you’ve got to get out of the ditch back to the top
of the hill so you don’t get —

CHAIRMAN MACFARLANE: Drowned.
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MR. BONNIN: -- flooded. And then when you get to
the top of the hill you're going to get hit by the lightning.

(Laughter.)

MR. BONNIN: So, it’s this integration that | think
several people have been talking about of all of these hazards
together. And the new probabilistic approaches that we’re talking
about are starting to provide us a framework in which we can deal with
all of those.

And just if you’ll allow me, | don’t want to let go by
what you said about perceptions of are we doing better with floods or
not? We have a set of statistics that we maintain on those sorts of
things. What we have not done better is on the accuracy of the main
stem river forecast, but our time -- our lead time on those forecasts
has expanded dramatically and we’re giving -- we’re able to give
things like three months advance notice of floods on the upper
Mississippi, for example.

The inclusion of radar has vastly improved our ability
to forecast flash floods, but then if | forecast a flash flood and nobody
knows what that means, or pays attention to it, or hears about it,
there’s a bunch of people in an Arkansas State Park that get flooded.
So, we’re moving into an era, as well, there’s a major program within
the National Weather Service of decision support. And this comes
back to one of the issues you had in the beginning where we’re trying

to get with agencies, disaster response agencies, operational
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agencies such as yourselves or the Corps to provide points of contact
where you can actually get direct to the Weather Service, and we can
provide information on the spot to you to help you make those sorts of
decisions. We're trying to do that with the broadcast community in
partnership with the emergency response community, those sorts of
things.

CHAIRMAN MACFARLANE: Great. Well, thank you.
Commissioner Svinicki.

COMMISSIONER SVINICKI: Well, I will add my
thanks to all of you for coming this afternoon to share your expertise
and your presentations.

| just had a few clarifications on topics | wanted to ask
about. I'll start with Mr. DeNight. Did you ride out the Super Storm at
Salem? Were you there for the peak of the storm?

MR. DeNIGHT: Yes, | was.

COMMISSIONER SVINICKI: | appreciate some of the
very kind of human-related Lessons Learned that you shared. | visited
years ago, | think I have this right, Turkey Point for Hurricane Andrew,
they shared some very interesting -- how extensive and expansive
they have to be in their pre-planning. | know you talked about sleeping
accommodations and other very practical matters.

One of the things they mentioned to me at Turkey
Point was that they actually provisioned so that at least after the peak

storm intensity has passed, they would be able to offer some bottled
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water and other provisions to family of the operational staff because
after riding out the storm, and I'm certain as they went through the
storm a lot of the staff of the unit, of course, is very concerned about
their family. A lot of them are not able to contact their family, so | think
in this case the nuclear plant operation management was trying to
take some of that into account to keep people focused on what they
needed to be focused on. So, there is a lot of operational experience
out there for the nuclear plant operators in the U.S. that have to deal
with these types of hurricanes and other events. So, | hope that you
will share your Lessons Learned, and | hope that previous hurricane
experiences are being shared throughout the U.S. operational
community. And I'm confident that they are.

Were there any, though, as you went to execute to
your preparations and your plans, were there any like complications
with the shutdown of Unit 1 or any other things that when you went to
execute a procedure you looked at it and said well, this procedure
didn’t take into account or accommodate various things. Did you find --
and I'm not asking for minor areas, but in general did you find that
what you drilled, and trained to and things, that was a comprehensive
preparation?

MR. DeNIGHT: Yes. The procedures that we had,
and | started talking about what levels we saw as far as the river goes,
what we saw our service water intakes, the safety-related intake

structures. We saw some strainer differential alarms, and that was it, a
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couple of overheads that we had. The majority of the challenges that
we had were on the secondary side with the loss of cooling going to
our condensers. We have procedures specifically to go ahead and
address that, and then both emergency operating and abnormal
operating procedures that we had. Just with any event or any issue
that comes through the station, you’re always trying to look on how
could we have done this better. So, we went back, we did a root cause
associated with the storm coming through. We tried gathering those
Lessons Learned, we tried optimizing our procedures, and then just
making it better so anyone that was coming behind the crews that
were on that particular night, because it was a challenging night for
them, that they could have those Lessons Learned and we could build
it right into the procedure.

We did that, and we also benchmarked up and down
the coast, as well, for all the plants associated with the hurricanes just
to make sure that we captured it. We’ve done that in the past, you
know, just as each football team is trying to get better going through
each season, you know, we’re going back just seeing if anybody’s
had additional Lessons Learned coming through it. So, you know, a
challenging night for the crew and, you know, incorporated into our
plans.

The substation that failed, non-safety related
substation, you know, had water intrusion get inside of it, and the

intranet inside of the control room failed, so as we’re trying to go on
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NOAA or the Weather Channel to try and get some storm data, the
internet is down so we’re calling over to a different building that still
has internet so we can get that information fed into the control room.
So, they were the biggest Lessons Learned that we had coming out of
it.

COMMISSIONER SVINICKI: Okay, thank you for that.
Mr. Lewis, the document, the EPRI document, Identification of
External Hazards for Analysis and Probabilistic Risk Assessment, it
talks a bit about the treatment of combined hazards. And the
treatment has suggested that these combined hazards should be
considered only if they’re correlated or consequential. Are you -- could
you expand on that a little bit?

MR. LEWIS: Well, I'll try. | think the idea there is that
you can really spend a lot of time considering different combinations of
hazards that where there may not be any particular reason to consider
that they might occur concurrently, but if you spend more time thinking
about -- Fukushima really was an example that a lot of people cite but,
in fact, it was tsunami caused by an earthquake. It's not like they
happened to have a tsunami at the same time as an earthquake. You
know, obviously, that was 100 percent correlated. There are other
things that are correlated that are -- where there’s a causal effect that
you need to take into account, or where a particular hazard is more
likely to be severe if another condition is in place. So, you know,

having to look at storm surges at the same time that you already have
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high ocean levels, for example, might be something you would look at,
if there’s a reason to do it. But the point there is you don’t necessarily
try to think of every combination and permutation of hazards and
figure out what they could imply about your plant. You look for reasons
to think that there might be some correlation.

We have worked with EDF, as | mentioned earlier, in
a complementary fashion. They’ve looked from a purely statistical
standpoint. They didn’t look at combinations of different hazards
where you might not see any logical connection to try to see if there
were statistical connections, and they found very few. They found
nothing that you wouldn’t have thought of ahead of time. They did find
some negative correlations which also make sense in some cases.
You know, there are cases where you won’t have high temperature at
the same time you have another condition just because that’s not the
way things work. But | think that’s one area we need to expand on. We
need more practical guidance on what that means. That wasn't a
focus of our original report.

We’re updating that report with the Lessons Learned,
and we expect in the first half of this year to produce a new version of
that report. And that’s one of the aspects we hope to cover a little
more thoroughly.

COMMISSIONER SVINICKI: Okay, thank you for that.
| agree that it's an area, hearing more questions posed about it, so |

think that a more structured -- at least proposals for a more structured
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approach to it | think would be, at least, to begin a helpful dialogue
about it, so | appreciate if you're going to have some additional work in
that area.

And then, Mr. Valil, | know in the interest of time you
had to skip over a number of your slides, but there was one that
reading it yesterday in preparation for the meeting was so intriguing |
thought | wonder what he’s going to say when he gets to this slide,
and then you had to skip over it. But it was your Slide 10, and it’s the
tale of tails, and you weren’t able to talk about that.

Now you, | think, were giving us some of the themes
of your remarks on some of your earlier slides, but the thing that
jumped out at me from this particular slide was you quoted the other
NRC, the National Research Council, a report from 1991, and you
said you agree that, “It's well established that climate changes
irregularly for unknown reasons on all time scales.”

So, the question that came to my mind in wondering
what you would say about that is, again, the purpose of this meeting,
or one of the purposes for the Commission is to have the benefit of
your expertise and your long experience on various things. So, one
could read that and say it’s a bit of a hopeless statement, and that
you’ve recommended that we embrace the uncertainty, so that is
certainly a good correlation with that statement from the National
Research Council. But | agree with Commissioner Apostolakis that

that’s somewhat old hat to us at the Nuclear Regulatory Commission.
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We’ve been embracing that, and involved in a very deep relationship
for many years with the uncertainty. So beyond that, you know, what
does one do, | guess is the question, what advice do you give if you
say that we take that as established fact. And I'm not speaking in a
strong philosophical vein, I'm thinking much more practically, like the
things that come to mind for me not being, again, an agency whose
core mission is to do climate science.

We have, you know, not a huge Office of Research,
but we do have our own in-house expertise so we follow the science,
we participate in the interagency processes, we send people to be a
part of that to scientific conferences, stay on top of the issues. What
other types of practical things can we be doing as an agency that
doesn’t exactly move the frontiers of knowledge in this area forward,
but certainly as a consumer —

MR. VAIL: Yes. Unfortunately, | mean, back to that
statement, the story that goes along with that was, basically, that was
1991. We actually know a lot more now than we did in 1991 about
these climate variability questions and stuff, and we’re actually able to
capture a whole new set of variability in that period and stuff. So, at
the same time you have stuff going on, you know, | mean this is
another piece that sort of hasn’t been incorporated much in our
thinking and stuff since 1991 and stuff, so we’re vastly better at that
now than we were.

We acknowledge the -- you know, | mentioned in
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1950 we knew that there were these patterns and stuff. We just didn’t
have them very well characterized and stuff, and now we know it
much better and stuff. We’re -- you know, people know, you know, it's
common knowledge for people to talk about El Nino now, and most
people in the U.S. might be able to tell you what El Nino means for
their neighborhood and stuff like that. That’s all happened since 1991,
| can tell you and stuff, and there’s a Pacific Decadel Oscillation, North
Atlantic Oscillation, so a lot of that variability.

So, really that gets back to the story, is that things
have changed dramatically and stuff. We have a lot of information; we
may not, you know, be utilizing it. So, | wasn’t trying to cast a bleak
picture, it was just how much things have changed and stuff. And that
part of the variability | think is a part that sort of potentially enters into
guestions about uncertainty.

| don’t think it's necessarily an issue for the Probable
Maximum Precipitation just because of the rarity of that event, but it's
certainly, at lower frequencies it’s certainly things like in the 5 to 50-
year frequencies and stuff like that, change of those and stuff, those
are clearly going to show out there.

COMMISSIONER SVINICKI: Okay. Well, | appreciate
you had an opportunity to return to get this glimmer of hope that you
were able to offer us here. So, thank you, Madam Chairman.

CHAIRMAN MACFARLANE: Okay. Any further

guestions? George.
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COMMISSIONER APOSTOLAKIS: Just one
comment. The Probable Maximum Flood is neither probable, not
maximum. Thank you.

MR. VAIL: Right. | think we’ll all agree with that.

MR. BONNIN: If you look at Probable Maximum
Precipitation it may well be the maximum. | can show you that offline.

COMMISSIONER APOSTOLAKIS: With a distribution
that you mentioned that you developed?

MR. BONNIN: No, but | can show you what I'm talking
about offline.

CHAIRMAN MACFARLANE: Okay. Thank you very
much for your participation. Appreciate all your thoughts, and we will
take a five-minute break.

(Whereupon, the proceedings went off the record at
3:32 p.m., and went back on the record at 3:38 p.m.)

CHAIRMAN MACFARLANE: Okay, so we don't fall
even further behind and we can get out of here at a decent hour, |
think we are going to get started. Commissioner Apostolakis will join
us in a moment.

So, now we are going to hear from the staff on
flooding and I will put it in quotes, "extreme weather events."

But we will start with our Executive Director of
Operations, Mark Satorius.

MR. SATORIUS: Good afternoon, Chairman,
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Commissioners. It is the tail end of a long day and | know it has been
longer for you because the five of you have been listening intently.

| appreciate the opportunity to discuss the staff's --
how the staff has addressed flooding and extreme weather events in
its licensing and oversight programs.

How nuclear power plants are protected from natural
phenomena has received increased attention since the Fukushima
event, as well as other major flooding events affecting nuclear power
plants such as Blayais in France and Fort Calhoun in the U.S.

Additionally, some national and international reports
on climate change have indicated that more frequent and intense
extreme weather events may challenge the operation and safety of
nuclear power plants in the future.

What you will hear today is that ensuring plants are
adequately protected against natural phenomenon, especially flooding
and extreme weather has been and continues to be an integral part of
the staff's licensing and oversight program.

You will hear that the guidance and analytical tools
the staff uses to assure nuclear power plants are adequately protected
continue to evolve as advances in science and technology are made.
The staff is staying abreast of the latest advances in climate change
science and assessing the need for further enhancing our rules,
guidance, and analytical tools.

To date, the staff believes our guidance and tools
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appropriately account for extreme weather events. With that said, we
are working intently to further refine our ability to estimate the
frequency and intensity of extreme weather events. Any new tools or
guidance developed from our research activity will continue to account
for the state of science in climate change.

Let me turn it over to Eric, who will briefly describe the
scope of today's presentation by the staff.

MR. LEEDS: All right, thank you so much, Mark.
Good afternoon Chairman, Commissioners.

As Mark indicated, natural phenomena can create
significant challenges that plants must be able to cope with to maintain
safety. We have a well-established regulatory process that includes a
licensing process that determines the appropriate design basis natural
phenomena for the site and for the plant design. We have an
oversight process that includes inspection activities to assess whether
the plant continues to comply with its design and licensing basis. And
finally, we have a research program that continues to monitor the state
of the science and develop tools and guidance to support licensing
and oversight.

Each aspect of this process informs the other. And
the process is informed by operational experience, by advancements
in technology, by information that we gain from our federal partners,
as well as from our international activities.

Plants here in the United States have responded well
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to natural phenomenon events. From the seismic event that impacted
North Anna that you heard about this morning, Commissioner Svinicki
mentioned Hurricane Andrew hitting Turkey Point. Of course
Hurricane Katrina impacted three nuclear power plants. The general
population probably isn't even aware of this. One of those nuclear
power plants, Waterford, is located right on the Gulf Coast within 20
miles of New Orleans. And finally, to the plants in the northeast which
effectively handled the storm surge from Super Storm Sandy, which
you just heard about from the previous panel.

While United States plants have coped well with these
events, certainly Fukushima emphasizes the importance of remaining
vigilant in overseeing plants and maintaining our understanding of the
state of science for extreme weather and for flooding.

Extreme weather creates conditions such as high
winds and floods. To discuss how a regulatory program addresses all
aspects of extreme weather would take more time than we have
today. So, today's presentation will focus on flooding. Flooding is the
one aspect of extreme weather that is included in Tier 1 of the
Fukushima activities. So, we thought it was important to discuss
flooding in some detail.

Other elements of extreme weather will be addressed
in our Tier 2 review of the Fukushima action items.

For our agenda, our speaker will be Mr. George

Wilson and he will describe our oversight process and some of the
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flooding-related issues identified by our inspectors and the key
lessons we have learned from those findings.

Next, Dr. Chris Cook will describe the licensing
process used to establish a plant's design basis flood and the
evolution of this licensing process.

And finally, we will conclude with Dr. Bill Ott, who will
discuss our research program and ongoing research activities in the
area of flooding assessment and protection.

At this time, let me turn it over to George.

MR. WILSON: Thanks, Eric. Good afternoon
Chairman and Commissioners.

The NRC has long recognized that external flooding
can be a significant risk contributor at nuclear power plants. As such,
today | am going to discuss the reactor oversight process to provide
perspectives on how the program already focuses on these external
hazards and describe key examples of NRC findings and plant events
associated with flooding and severe storms.

Some examples that | will use include recent findings
by our inspectors and staff at the Oconee Nuclear Station, Fort
Calhoun, and Watts Bar Nuclear Station. In addition, | will discuss
how Oyster Creek responded to Super Storm Sandy, and how the
events and the lessons learned from Fukushima highlight the
importance of our continued focus on these issues. Next slide,

please.
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First, | would like to provide some background on how
external hazards are inspected in the reactor oversight program.
There are specific inspection activities for adverse weather, for
flooding contained in adverse weather conditions, flooding protection
measures, and external hazard considerations during plant
modifications.

The NRC resident inspectors spend approximately 90
hours at each site implementing these procedures and, as a result,
they have identified potential flooding and severe weather issues,
many before the events occur.

These issues and findings are then fed back into the
regulatory process to evaluate if enhancements of the processes are
needed.

The revised oversight process consideration of
external hazards predates Fukushima. As Eric stated, Fukushima
simply highlighted the importance of ensuring that we are vigilant in
implementing this process. Next slide, please.

Now | would like to provide a few illustrative examples
of how our oversight program has worked to assess external hazard
issues at nuclear power plants. One activity that garnered significant
external interest is related to the Oconee Nuclear Station. In 2005,
the NRC identified an issue at Oconee resulting from an inadequate
maintenance procedure to open and control a penetration to a passive

flood protection barrier.
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Upon the NRC staff investigating further into the
design basis flood assumptions at Oconee, a question surfaced
regarding how upstream dam failures are considered and evaluated
during the original licensing of the plant. This led to the identification
of a generic concern with operating nuclear plants, along with insights
from the Oconee and additional staff analysis performed by the Office
of Nuclear Regulatory Research led to the development and issuing of
Generic Issue 204, "Upstream Dam Failures," which has later been
subsumed into the Near-Term Task Force Recommendation 2.1.

During our efforts to understand the issue and ensure
the licensee was taking appropriate corrective actions, the NRC staff
informed and maintained a close partnership with the Federal Energy
Regulatory Commission, who is the regulator of those dams.

In a few moments, Dr. Cook will discuss further how
we have historically considered external hazards in our licensing
process and what actions we are taking now to update our
understanding of those hazards. Next slide, please.

| would like to discuss how the inspection finding
resulted in the licensee being better prepared to cope with subsequent
events at Fort Calhoun and provided valuable insights to support the
staff development of Recommendation 2.3, "Walkdown Guidance."

During the execution of a component design
inspection in 2009, the NRC staff identified an issue regarding the

licensee's flood mitigation strategy at Fort Calhoun. The issue
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identified protection of the plant's key systems were lacking. The
licensee, since, has taken appropriate corrective actions and a year
later when the Missouri River flood happened, although the impacts
were severe, plant safety was always maintained.

The insights from this event also highlighted the
importance of having adequate sandbagging procedures, which was
then fed back into the Flooding Walkdown Guidance for
Recommendation 2.3. Next slide, please.

| would also like to discuss an issue identified at
Watts Bar. This example is illustrative of how issues identified at other
nuclear power plants are fed back into the inspection process to
determine if similar issues exist elsewhere.

Based on lessons learned from previous flooding
inspections at plants, the NRC staff placed a greater emphasis on
observing reasonable simulation of the licensee's implementation of
its flooding mitigation procedures.

Upon the NRC staff evaluating the licensee
conducting a reasonable simulation of its flood mitigation procedures
in 2012, it became apparent that key aspects of the strategy at Watts
Bar could not be implemented in the time frame that it was assumed.
The licensee has since taken appropriate corrective actions on this
issue.

There are several challenges involved in assessing

the risk associated with flooding. So, significant benefit can be
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derived from continuing development of risk tools NRC PRA,
Probabilistic Risk Assessment models. Later on in this presentation,
Dr. Ott will discuss further how the Agency is moving forward in the
development of the Probabilistic Flood Hazard Assessment. Next
slide, please.

As Eric mentioned during his remarks, operating
experience at nuclear power plants has demonstrated their ability to
withstand extreme natural hazards. Just last year we had another
example of this.

In the days leading up to Super Storm Sandy,
weather forecasts significantly under-predicted the size and velocity of
the storm. By the time the storm made landfall, it was the largest of its
type spanning over 1100 miles.

Despite its size and the devastation that it would
ultimately cause to the Atlantic Seaboard, safety was never
challenged at any of the 34 nuclear power plants in Sandy's path,
primarily due to the licensee's advanced preparation and the overall
defense-in-depth of the plants.

One of the key lessons learned from Sandy occurred
at Oyster Creek. During the storm, storm surges exceeded those
predicted and the resulting water levels had the potential to challenge
the operation of the service water pumps. The licensee applied its
contingency plans to modify the operating procedures, thereby

ensuring the continued safe operation of those key components.
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In addition, mitigating strategies equipment was also
ready to help, if needed. Next slide, please.

| have spent the last few slides discussing how
operating experience and the reactor oversight process are critical
components of our overall strategy to ensure nuclear power plants are
protected from flooding and extreme weather events. The events of
March 11, 2011 at the Fukushima Daiichi Nuclear Plant serve as a
stark reminder of the importance we must place on continued
vigilance to ensure adequate protective measures are in place and
maintained at the U.S. nuclear power plants.

One of the first Fukushima lessons learned
implemented at the United States nuclear power plants involved
detailed walkdowns to ensure that each plant was capable of
implementing its flood protection strategy, in accordance with the
facility's design and licensing basis. The NRC endorsed industry
guidance on how to perform the walkdowns and follow it up during and
after the walkdowns with independent inspections performed by NRC
inspectors to ensure the guidance was adhered to.

Our inspectors identified some deficiencies at the site,
whose risk significance was evaluated through the significance
determination process, resulting in corrective actions at the sites to
improve their overall ability against these events.

We plan to now feed the insights from the walkdowns

in the evaluation process back into the reactor oversight process to
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evaluate whether any enhancements are needed in that process.

In summary, we will continue to focus on flooding
issues, their potential impact on reactor safety and feeding back the
insights into our reactor oversight process.

As new information is gathered and new technology
are developed, the agency performs research and evaluates the
impact they have on reactor safety. In addition, lessons learned are
evaluated to make necessary changes to the ever-evolving reactor
oversight and regulatory process, thereby maintaining reactor safety.

Now, Dr. Cook will discuss how some of the lessons
learned from operating events are incorporated into the evolving
methods for computing flooding hazards at nuclear power plants.

Dr. Cook?

DR. COOK: Thank you, Mr. Wilson. Good afternoon
Chairman, and Commissioners. | truly appreciate the opportunity to
be here today and to make this presentation. Let's move forward to
slide 12, please.

My presentation builds upon the reactor oversight
process that Mr. Wilson just presented, and transitions to the
discussion to reactor licensing. Specifically, my talk is composed of
five topics on the potentially broad subject area of evolution of flood
hazards.

First, | plan to discuss what is the same, versus what

has changed, from a technical standpoint when many of the currently
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operating nuclear plants were licensed by the Atomic Energy
Commission or the Nuclear Regulatory Commission.

Next, | will discuss methods used today by the staff to
estimate flooding hazards at nuclear power plants. | will then
transition to a summary of the motivation for new staff guidance to
assist with the review of Recommendation 2.1, which are the flood
hazard reevaluations.

| then plan to conclude with a brief discussion
regarding how evaluation of flooding hazards is likely to continue to
evolve in the future. Next slide.

As | mentioned, the first topic | wanted to discuss is
how the evaluation of flooding hazards has changed from a technical
standpoint from when many of the currently operating plants were
licensed by the Atomic Energy Commission or the Nuclear Regulatory
Commission.

When | am discussing flooding hazards this
afternoon, | mean the complete set of hydrologic and oceanographic
hazards that could potentially challenge a nuclear power plant site.
This includes such mechanisms as storm surge, failures of dams,
flooding from rivers, intense rainfall on the site and the associated
need for site drainage.

In looking back at some of the older hazard reviews
which were performed in conjunction with the construction permits in

the 1960s, | found that the hazard mechanisms considered as part of
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the new reactor reviews today are really the same suite of hazard
mechanisms as were considered by the operating fleet. Truly, NRC
has a long history of considering the full range of hydrologic hazards
that can potentially challenge a nuclear power plant site. Next slide.

So, if the hazard mechanisms are the same, does that
mean our evaluation results would be identical? More than likely, the
answer would be no. What has changed are several items, including
the increased period of record -- of relevant data sets, such as river
discharge, precipitation rate and tide gauge data.

We also learned that we need to focus on certain
hazard mechanisms more, such as locally intense rainfall at or near
the site, given a longer period of experience. | think we have also
gained a better understanding of what can happen, should a nuclear
power plant be flooded.

We have also had significant advances in scientific
knowledge. For example, in the 1960s, the concept of plate tectonics
was a new concept but now it is a concept that is generally accepted.
But back then, it was cutting edge new.

| consider our knowledge of climate change today to
be somewhat analogous to where we were with plate tectonics in the
1960s. Itis cutting edge and new. Our knowledge of this topic is
rapidly increasing and | suspect it will continue to dramatically
increase in the decades to come.

Finally, we have had significant changes to computer
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hardware and software. These tools are a revolutionary step change
in the ability to predict flooding effects at nuclear power plant sites
from various hazard mechanisms, such as the cascade failure of
upstream dams or distant tsunami sources. Next slide.

The NRC has reevaluated the potential for floods to
impact nuclear power plants before. The first was the Systematic
Evaluation Program. In 1977, the NRC initiated the Systematic
Evaluation Program to review the designs of 51 older operating
nuclear power plants. Approximately ten plants had detailed
evaluations that were performed. This evaluation was a means for the
NRC to review and validate the safety of older plants based on new at
that time, a comprehensive set of licensing criteria. Conformance with
the NRC's general design criteria was established as part of the
Systematic Evaluation Program.

In June of 1991, the NRC issued a supplement to
Generic Letter 88-20, which is individual plant examination of external
events for severe accident vulnerabilities. Flood-related hazards were
considered in the IPEEE program as part of the high winds, flood, and
other external initiating event hazards. Of the 70 IPEEE submittals,
most indicated some type of walkdown was performed for the high
wind, floods and other hazards.

Most recently on March 12, 2012, the NRC issued the
50.54(f) letters associated with Near-Term Task Force

Recommendation 2. Recommendation 2.1 requested that all
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operating reactor licensees and construction permit holders reevaluate
the flooding hazards at their sites, using present-day methodologies
and regulatory guidance as is done for new reactor reviews, to
determine if additional regulatory actions are necessary. Next slide,
please.

| would now like to discuss how staff presently
perform design basis flooding hazard reviews at new reactor sites.
The site's potential for flooding is based on the historical record for the
site and the surrounding area. The flood hazard review is specific to
the site in question. And as you could imagine, the length of the
historical record at each site can vary tremendously.

Changes to the underlying baseline data are
considered as part of this review. Changes that come from a variety
of factors including the potential for climate change, construction of
dams, and other changes to the watershed.

Regarding climate change, we monitor the latest
updates and information from national and international organizations.
We also factor into the hazard calculation for a limited period of record
and uncertainties. Generally, deterministic methods are used to
calculate the potential for flooding at a site. This is consistent with the
current state of the science for many flooding mechanisms. The
hydrologic or oceanographic review is based on numerous modeling
parameters and assumptions. Although some inputs, such as rainfall

rates are deterministically estimated, some examination of
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uncertainties are accounted for by use of parameter sensitivity
studies.

We continue to work with our research partners
toward developing and using probabilistic methods. We are aware
that the use of deterministic methods -- we are aware that with the use
of deterministic methods, the risks exposure to the site from flooding
hazards is not uniform. Instead, uncertainties are compensated for by
use of conservative parameter selection and margin.

For those hazard mechanisms for the current state of
the science has advanced probabilistic methods, we allow for their
use. For example, we are beginning to employ probabilistic methods
for storm surge. As Dr. Ott will later discuss, we continue to pursue
probabilistic methods as we realized this would help us to have a
uniform hazard level at each site. Next slide, please.

As part of Recommendation 2.1, the staff developed
several new interim staff guidance documents. As you know, we
requested licensees perform the analysis using present day
methodologies and guidance, as is done for the new reactor reviews.
And since the agency has issued early site permits and combined
licenses in the past few years and have several currently under
review, you may be asking why we needed to develop this guidance.

Well, first, for the new guidance associated with dam
failure, staff are aware that our guidance needed to be clarified in

several technical areas, based on experience from our new reactor
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reviews. This guidance document is based on published federal
guidelines for dam safety. As much as possible, the new guidance
also tries to be aligned with guidance from other federal agencies.
However, we did note that federal agencies implement the
overarching federal guidelines for dam safety differently.

Given the potentially severe consequences
associated with flooding a nuclear power plant, and since nuclear
plant sites should never be evacuated of all staff during a flooding
event, the NRC continues to make realistically conservative
assumptions for predicting maximum flood heights at nuclear power
plant sites.

The resulting flood heights we require nuclear power
plants to protect against may differ from assumptions made by other
federal agencies developing emergency action plans, where
evacuation is a useful strategy for preventing loss of life, should an
upstream dam fail.

Regarding the motivation for updating the storm surge
guidance, there are several new reactor sites whose controlling site
characteristics for flooding is storm surge. In addition, Hurricane
Katrina in 2005 elevated the public's and the federal government's
awareness of the potentially destructive power of storm surge
associated with hurricanes, which led to the development of new
methodologies to estimate storm surge. However, as Mr. Leeds

mentioned, our nuclear power plant sites in the area rode out this
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event without issue.

In response to both drivers, the NRC formed a storm
surge research program to focus on developing modern risk-informed
hazard assessment techniques, in cooperation with the National
Oceanographic and Atmospheric Association, also known as NOAA,
and the U.S. Army Corps of Engineers. Likewise, other federal
agencies, such as the Federal Emergency Management Agency and
the Army Corps of Engineers continue to invest in separate programs
to develop and apply probabilistic approaches to investigate storm
surge.

The motivation for updating the tsunami guidance is
somewhat similar. Like storm surge, the 2004 Indian Ocean tsunami
raised the global awareness of tsunami hazards. This led the NRC to
develop a coordinated tsunami safety study in 2005 with the National
Tsunami Safety Initiative that NOAA conducted.

In 2006, the NRC also initiated a long-term tsunami
research program. This program includes cooperative work with the
U.S. Geological Survey and NOAA. Outcomes from both the storm
surge and the tsunami research programs have resulted in significant
increases in knowledge and are being used as part of the ongoing
new reactor reviews. These updates are reflected in this new
guidance document.

The last guidance document | wanted to discuss is

the Integrated Assessment for Flooding. In March 2012, the 50.54(f)
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states that the NRC staff will develop the implementation details of the
Integrated Assessment. This guidance was issued by the staff on
November 30, 2012.

The motivation for this guidance was the need to risk
inform our regulatory decisions for operating plants should the
reevaluated hazard be greater than the plant's current design basis.
The guidance lays out a methodological process to evaluate the total
plant response and by that, | mean both flood protection and
mitigation capabilities to the higher reevaluated flood hazard. Next
slide, please.

It is highly likely that our understanding of flooding
hazards will continue to evolve. That will happen as we increase our
knowledge through increased observed data at the site and the
surrounding region. As we increase our scientific knowledge, such as
our knowledge of climate change, and improved analytical tools, such
as computers and computer software, become available for use.

As probabilistic methods become available and
accepted by the technical community, staff will incorporate them into
the review of new reactor sites. In addition, staff are studying a plan
to implement Near-Term Task Force Recommendation 2.2, which is a
Tier 3 activity, and dependent on the ongoing Tier 1 hazard
reevaluations. This recommendation proposes that flood hazard
reevaluations be performed at a set periodicity for all operating

reactors. These periodic reevaluations will allow for the timely
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discovery, review, and implementation of flood protection and
mitigation measures, should conditions change at a site.

So a significant component of the engine that is
driving our evolution forward, especially related to probabilistic
evaluation of flooding hazards is described in the next presentation.
So without further ado, | would like to turn it over to Dr. Bill Ott.

DR. OTT: Thank you, Chris. Good afternoon.

The Office of Research provides support to licensing
offices by developing data models and supporting computational tools
that can bring state-of-the-art analytical capabilities to bear on
licensing decisions.

In the case of flooding, we have been requested by
NRO and NRR to update the technical basis for assessing flood
hazards and the regulatory guidance for conducting flood hazard
assessments.

As mentioned by Chris, the current approach is
predominately deterministic but as we have moved forward, our goal
is becoming a more probabilistic assessment of this hazard and a
more risk-informed basis for licensing decisions. Next slide.

Today, | would like to describe for you our progress
on the initial requests and our plans to address the long-term goal.
My presentation is divided among the topics that you see on this slide.
First, we will talk about the guidance updates. Next, we will talk about

probabilistic flood hazard assessment and how we plan to move
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forward. | will make a few remarks about considering climate change
in this process, and then summarize the status of our program. For
concluding remarks, | will turn it over to Eric Leeds. Next page.

Since 1977, the principal guidance on acceptable
methods for addressing flood hazard has been contained in
Regulatory Guide 1.59, "Design Basis Floods for Nuclear Power
Plants." In the interim, there has been an explosion in the volume of
information on storm systems due to improvements in data acquisition
and storage, a revolution in the computing power that can be applied
to the problem, and significant advances in the complexity and realism
of models used to simulate historical storms and explore the effects of
variations and key conditions.

In 2008, NRO submitted a user need requesting that
we update the technical basis and regulatory guidance for flood
assessment, consistent with the current state-of-the-art as being
applied to ESP and COL reviews. In response, we initiated three
projects. The first at PNLL, because they were the primary contractor
to NRO for the ESP and COL reviews, was to document the current
state-of-the-art as applied in ESP and COL reviews.

The second project with the Corps of Engineers was
developed to evaluate storm surge along the Gulf Coast in South
Florida, which was a primary locus for several new plant applications.

The third contract with the Bureau of Reclamation

was engaged to update methods for estimating probable maximum
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precipitation, a topic discussed during the previous panel.

These projects produced five major technical reports
and, along with the interim staff guidance and operating experience,
allowed us to develop a major revision to Reg Guide 1.59 that is
nearing completion. Next slide.

In addition to the work on Reg Guide 1.59, we have
also begun work on Reg Guide 1.102, "Flood Protection for Nuclear
Power Plants.” The motivation here was lessons learned from a
series of challenges to flood protection, both domestic and
international, both nuclear and non-nuclear.

Some of those examples include the Blayais Nuclear
Power Plant on the Gironde Estuary in France, where watertight doors
and seals failed and access to the site was severely restricted,;
Hurricane Katrina, where levies protecting New Orleans failed from
under-seepage, overtopping, and inadequate foundations;
Fukushima, where the plant wasn't designed for the magnitude of the
tsunami; and Fort Calhoun where the anticipated duration of the
inundation was far exceeded.

In this case, we engaged the U.S. Army Corps of
Engineers to develop an assessment of what they considered to be
the state-of-the-art in flood protection for large civilian facilities. Their
final report is under review and we are starting to draft the revision to
the regulatory guide. The Corps' principal recommendation is a

phased approach to flood protection, which recommends primary
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protection to keep water away from safety-related structures, and
secondary protection involving doors, seals, drains, and pumps for
protection from locally intense precipitation.

They also observed that they found little reliability
data on doors and seals in the specific task that we gave them, a
significant problem for establishing tools to assess risk. Next slide.

We have completed the first phase of the support
work. Mostly deterministic but containing a good start towards more
sophisticated and risk-informed analyses. We have initiated four
additional projects to continue to move forward to a more risk-
informed approach. These projects are looking at probabilistic
evaluation of riverine flooding, extension of probable maximum
precipitation studies to include transposition and orographic features,
use of paleo flood data to inform flooding risks at nuclear power
plants, and the implications of recent published research on evaluation
of dam-breach scenarios.

As we moved forward, NRO, NRR and RES staff
decided that there was a need to determine the extent to which other
agencies or groups may be applying probabilistic techniques and a
joint user need was prepared requesting a public workshop on the
subject. The PFHA workshop was held January 29 to 31, 2013, was
attended by more than 250 scientists and engineers, including federal
partners, industry, academia, and international experts. The

workshop proceedings has been published as NUREG/CP-0302.
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Next slide.

The staff is developing a research plan to guide
systematic and comprehensive progress toward an approach for
probabilistic flood hazard assessment. Insights from completed and
ongoing research, new reactors, the reactor oversight program, and
the recent workshop are providing the foundation. We refocused our
agency TAG, Technical Advisory Group on Flooding, including experts
from all program offices to increase its role in this program. A
subgroup from that program has developed the draft plan. This draft
research plan is currently under internal review.

We have engaged and will continue to engage our
federal partners and domestic and international experts. Next slide.

Finally, | would like to observe that we are all very
much aware of the evolving information on climate change. We know
that when those changes influence the safety of our licensees, we
must give them careful consideration. We do this first by following
important development, such as the recently issued report of the
Intergovernmental Panel on Climate Change and the recent DOE
report on energy sector vulnerabilities.

Draft Guide 1290, which is the revision of 1.59,
discusses the consideration of climate change and flood assessment.
Regulatory Guide 4.7, "General Site Suitability Criteria for Nuclear
Power Plants," also addresses climate change.

These documents are focused on site-specific
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estimates of particular hazards for the life of the plant and considering,
when appropriate, the effects of climate change. At this point, only
sea level rise data are mature enough for routine incorporation in
these analyses.

| should not leave this topic without mentioning
concerns that have been raised about long-term trends reflected in
lower water levels in the Great Lakes. This concern is shared by the
Canadians and is the subject of a planned joint workshop. Next slide.

The research program's supporting analysis of
flooding is a multi-office undertaking. Insights from reactor operating
experience and new reactor licensing reviews helped identify
information gaps and the need for new analytical techniques. The
larger community of federal regulators and science organizations
helps shape regulatory and technical policy to consistently address a
wide-range of interests. Cooperation is essential to continued
success.

The status of our program can be summarized with
these bullets. Substantial work has been completed to support state-
of-the-art regulatory guidance, primarily deterministic at this point.
New research is directed at providing critical information for
probabilistic analyses. So, we are moving to a more probabilistic
approach. A research program plan will guide those future activities
and advances in climate change science will be monitored and given

appropriate consideration. Next slide, Eric?
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MR. LEEDS: Thank you, Bill.

All right. So, in conclusion, do we have the last slide.
There we go, thank you.

In conclusion, safety is a continual process. The
plants are protected from flooding and other extreme weather events
today. And as our understanding of the hazards change, we will
ensure the plants remain protected tomorrow.

Our understanding and knowledge continues to
evolve. We continue to evaluate flooding and other extreme weather
events as new information is gathered from operating experience,
from new reactor reviews, new information on climate change, and
certainly from new technology.

We also get information from our research projects,
our cooperative engagement with federal partners, through experience
and initiatives from the international community.

The lessons learned will be incorporated into the
reactor oversight process. Our processes are designed to incorporate
lessons learned for continual improvement. We make changes to
more efficiently and effectively implement our regulatory programs.

And with that, | will conclude, unless, Mark, is there
something that you would like to add?

MR. SATORIUS: No, we will proceed directly to
guestions, Chairman.

CHAIRMAN MACFARLANE: Okay, great. Thank
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you. Thanks for saving us five minutes. Excellent job.

We will start off with Commissioner Apostolakis.

COMMISSIONER APOSTOLAKIS: On slide 13, you
have six possible ways of creating a flooding problem for the plant.
Now in the probabilistic, what word, PFHA, Probabilistic Flood Hazard
Assessment, how do you combine those things all in the
deterministic? Because some are here. The next slide, 16 says that
present day methods for estimating design basis flooding hazards are
predominately deterministic. So, how do we take those six
contributors and do a deterministic evaluation and then a probabilistic
evaluation?

DR. COOK: The circles that | pulled out with the
different hazards that are there, there is one that is called other
hazards. So, that is sort of a catchall for many different things,
including locally intense precipitation that is falling on the site that then
you have to worry about site drainage and coming down. So that was
sort of a catchall. | left out, of course you know icing. You know Mr.
Vail was talking about potential ice dams that can form and will flood
his house. So, there are a number of other hazards than these six.

The paradigm is really, and if you look at our standard
review plan, you will see that there are various sections as part of
Section 2.4 that goes through there, titled generally by those different
hazards, where you have hazards from riverine conditions, you have

hazards from dam failures, you have tsunamis, storm surge and
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seiche.

You look at all these different hazards that are
together that could possibly challenge the site. As you look at those
hazards that can come out, some you can discredit. Ice flooding in
Florida is not an issue. However, in other parts of the U.S. it is.

COMMISSIONER APOSTOLAKIS: No, but you said
you look at them together. So, are you assuming there is a dam
failure and a storm surge and a tsunami altogether and let's save the
plant?

DR. COOK: No. No, sir.

COMMISSIONER APOSTOLAKIS: So, how do you
do that? In a deterministic world, how do you do that? Do you look at
each one separately?

DR. COOK: Unless they can reasonably be
combined together, such as we have some sites that are on the coast
that are also near the mouth of a river. So it is potential to assume
that you could have a dam that maybe failed hypothetically by a large
rainfall event that could also cause from a hurricane a storm surge at
a plant.

So, if the combination would make sense, we would
combine it together. Usually they are looked at individually, though.
Each one then individually comes out with its design basis flood level
at the site. And then we are generally looking to see which one is

controlling, which ones you really need to be concerned with at this
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site. The ones that you need to be concerned with we can look at in
greater detail. Some of the initial screening can be done qualitatively.

COMMISSIONER APOSTOLAKIS: Now, a lot of the
plants were licensed many years ago --

DR. COOK: Correct.

COMMISSIONER APOSTOLAKIS: -- and the design
basis flood or the probable maximum flood was determined at the
time. Did they do all of this, what you just described? Back in '74, for
example, did they do all this stuff?

DR. COOK: Looking back in '74 and even the '75,
standard review plan, if you look at the hazard mechanisms that are
there, you will see that the same hazard mechanisms are being
looked at today when we do new reactor reviews. | am in the Office of
New Reactors and we look at the same hazard mechanisms.

What has changed is the information that we have
available. What has changed are the computer models. Those are
the significant changes. Back in the day, if you were going to be
looking at cascade failures, say that we would have a site that would
be many hundreds of miles downstream from a dam, looking at that
failure of that dam and the propagation of that wave downstream was
a huge challenge back in the '70s. Now, it is something that is very
possible that we can do with computer models to look at today to
come up with the resulting water level at the site.

COMMISSIONER APOSTOLAKIS: The probabilistic
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model, how does it combine with these things?

DR. OTT: We don't have a probabilistic model that
combines them yet.

The French -- let me back off from that. Deltares, the
European group which does flooding for the lowlands and the areas,
they will do a probabilistic analysis which includes looking at snow
melt in the mountains, spring rains, the management of downstream
dams and all of that to propagate flood waters to the coastal areas.
And they will do that in a probabilistic sense.

COMMISSIONER APOSTOLAKIS: So, there must be
some correlations or dependencies.

DR. OTT: Exactly. In some cases, yes.

In terms of the guidance that was available back in
1977, 